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PllEEACE' 


T HIS text-book is nil attempt to pjive the stmiciit, from 
the'hwtset. the benefits (leri'e(l fnnn the r@(eiit advanee 
in our knowb^dge of the n'.it.iiri' of eleetrieily. 

It is elainied that, by realizing the ])roperties of Natu'-e’s 
unit—the Eh-ctron—the beginner can gj.jn a tnore vivid con- 
cejition of electric ])reSMirc and idectrie eui'rent than was 
possible before the elect,roll tlieory was fornuilated. 

The method of teacivng, based on practical cxjierinp'o* 
that has proved to be irsefnl throughonl, the series of manuals 
kno!',n,as “ Experimental Science," is continued here. 

'Many young students build up their knowleilge of ideetricity 
on a foundation of the elementarv |)rinei|)les of Measurement, 
Ilydro.stJitics,Mechanics, Heat and (Ihemistry,acipiired during 
the first two or three years of a Secondary School course; 
those who do not possess this ground work, should add to their 
accpiaintance with the concept, of Energy, while reading the 
earlier chapters of the book. ' " 

The Matriculation syllabus is covered fully by thisVolume. 
Practical work is carried to the standard of the Higher School 
Certificate, so that preparation fi.r the second examination 
may be completed with only the aid of a few notes from the 
teacher in order, to elaborate the theoiy of the Exporunents. 

The chapter on the “ Generation and Practical fi,upliSffions 
of Electricity,” and the detailed de.scription of ajijiaratus, 
should appeal te Technical School students and w.orks’ 
apprentices. 

It is hoped that the last chapter will conv ey, to the 
thusiast in “Wireless,” the essentials of the subject, although 
necessarily in a condensed form. 
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As ill iitfcer books of the sorips, a jpocial foatiire has 1)0011 
iniule of.tlio lar^o iimiiboi' of otoroiscs .'yipondoij to eaoh 
«;baj)t,er in ajldilioii toMio wiij-koii i'xain|>lo.s in feo text. 

In ntaij}' soliool laiioraforivs, t'iio bonclit^ aro^ipplioi' with 
cniTont from •the mains, '^his main l•l^T(‘nt ahouk| always 
pass throiigfi'a suitably hiyh rosistaneo. Whonovef the main 
supply is nsod, the toaohor shouki caul ion tl^' jnipils novor 
to touch the appan^liis with w^l hands, and tiim.sclf onsnro 
Ihal* the oonnoci lot.^ arc coirocl'boforo the main ciirrout is 


switched on. 

The writer is indi'btod to Mr J. M. Moir, M Sc., of the 
Tltviical DopaVtinent of the Liii^pool ('ollegiate School, 
wdKini hf cordially thanks, for drafting' the last, three ehitpters, 
preparing]; the Exainjilcs^ and coll.alioiation thronolloift. jin 
contriving experiments and in proof-reading. 

Ho .also wishes to thank Mr T. V. T. Baxter, M,^.. B.Sc., 
|[oadnnutcr,oJ'(lothani School, Bristol, .Mr A. Snilhinbank, 
M iSc., Headmaster of \Vah,)n Technic,d School, Liverpool, 
Mr H. iTcnnings, B.Sc,., of Lixeqiool Collegiate School, and 
^Mr F, Fairhrother,^M,Se. Headmaster of Iji'ighton Buzzard 
Schoofjtthinhave again given valuahle help and criiicism. 

He would gi’ati'fnily ayknowdedge the perniission given by 
the following coni[)airtes for the use of illustrations from their 
bookis ;uid catalogues: 

Messrs Becker & Co., London, Me.ssrs Pye &jCo., Oambridgo, 
.'j'h^.C''.mbridge & Paul Instrument Co., Mes,silj Charles (Iriffin 
& Co., PiAilishers (Maps on [). isf The British Thomson- 
Houaton (eO., Kugby (Figs. 151^ 155, 156), The Metropolitan 
Vick'ere Go., Manchester (Figs. 156,154,161J,The Ediswan Co., 
Newcastle (Figs. 157,159), tiiid The Syndics of the Cambridge 
“tTniversity Press for diagrams f-om their publications. 
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EXPi5MMI';NTAL ^ 

EDECTIMCITY'ANJ) MAGNETISM* ' , 

CHAfTEIi 1 . ' 

ELEC'TI^S, ELHCTDIC CIIAKLECTRK*CtUtRENT 

% * . . . 

1. Elcctn'iMty in Uu* s(‘rvi(M* of man is a (listinjL^uisliyi^ 

feaiure of the jn-eseiit aifc. Tln^ ti’ansfonnj^Sion of water-jMWor 
and sTeam-powei' inti) the energy of tin* ele(%rie current, wiTich 
in turn ju'oxijes llea.lin;^^ rii'litinj', nia^m(“li<‘ and chemical eflcitts, 
'is^fainiliar to e\er'v<in(‘. Mouiitaimms districts, sucli as Wa]{;s, ^ 
Norway and Switzi-rland, itirnish instanc<‘K of the heavy rain/fill 
Immu” utilized to stiu'c potential eiK'rjjy iti the watfu* colR-'ctecNn 
lakes rc'-ei voirs amonc; tiie hilK. Lonij ])ipe-hnes convey this 
waUT to the valleys; wher(‘ at a lower Fevc'] the kinetic eiier^jy of 
I'ushln'^ \vatt‘r is us<‘d to rotali* water-wheels and tui’hines, which 
hand on ^power” to tin* dynamos of th(‘ ,i;eneratirii; ^stations 
where a currimt of electricity i' produced. Cojiper cables cairy 
this electrie i’urrent throu^'hout whoi‘ districts to placcis where it 
is roijuired foi- traction and locomotion ((deetric trams and rail¬ 
ways), for w’o?-kiiig machines throu/,di the agenfy of ele(;tric motors, * 
for weldinj;, lJeatln^^ lij^diting and cooking, and for cffemicitl uses 
such as smelting, elecrtrolyMS and electr(?[)lating. • 

The lightning Hash is one of tlie i^*aiiifestations of electricity 
in motion with which <‘arli(‘St man must Imve been familiar. We 
read that the anaients aserihed the thunderbolt to Jove as his 
peculiar weapon, lAt it is ()^ly in (comparatively recent jcarf?^it« • 
the tiniest electric spai’k and lightning have be(Ui showq to be of 
the same order. I 

2. The electron —the unit of negative electricity. 

The l)eginner often usks—what is clectrichy ?,-»-what is tha**. 
electric ouri'eiit? In curler to hefi> us to answer these questions 
and to visualize what we can never hope to see, wc must begin 
by an ep(|uiry into the nature of jiiatte, itself. 

1 • 


B K. 



“2 ElecfrhiKf and Magnetism [cu. i 

In our study of olemonlriry chemistry, we learned that (aj 
matter is madecip of sijiall paiiticles* called atniis (“ indivisibles ”) 
and (M all :Uoins *'£ the sj*(ne»eleinent liiive e(]UJ^' eijjhts. Tliis 
tiieory was forimilated by JoTni T^iltou in lSO-1. After tl c lapse 
of a ceiiliiry^^'i s(U'ies of brillifiit researclies by Ibitislr American, 
Freneli and German si-ienfcists bas^r<‘V(‘aIed that aJ^is an' not 
indivisible as was su]))iosed, but are budt u}» o’, partieh's which 
may j>ro\e to be eleclib-ity itsolf- A( any ratv it is now held 
tlnic electricity perT»ad(‘s ail matte.', '(’here are reco^nizeil by the 
chemist a|iproxiniately one humlred difl'creiit idemcmts—hydrogen, 
copp(‘r, j'old and the la'st—any one of which is composed of atoms 
wl ’ch in the si.-called luiitrul or vm-l virijir<l state resemble each 
other id ■nticaHy. 

An atom of an element in this uneleetrified state nyiy ho 
itna^ined as made up of uro kinds of matter each possessing an 
equal, hut opposite, neutralizii\<j cliarj;e of eh'ctricity : 

(a) the nucleus, whieh is said to be positively ::harged, 
and (/>) one or more negative Units of eieetrieity, called 
electrons. 

Tlic teiin j>oi<ilnH‘ election is Koiuelinius iiHsi^'iied to Die nucleus of the 
atom, Die other neutni^ zm^'pai tides being called negative cli^ctions. In tliiH 
bookh*, .vi'ver ,hei\ord electrons indicates the negatively cluuved particles only. 

Althor,j;h, as we have just said, there are nearly one hundred 
different- eliemieal elenunns, i.r. there an' nearly one hundred 
diff^irent kinds of jHn<‘ifivr atomic nuclei, yet M'-rc in only one 
kind of electron. All clecfronn arc identical ^: but each atomic 

*'*jilectron8 are exceedingly smnll; their size relAtively to that of the 
atom to Winch they ar<‘ attached may he* conipuied as the volume of an 
lirship is to that of the earth. It has been calcuiated that 

(а) the radius of an electron (-..seumed to be spherical) <10'i3cms.; 
*^ioo7)(lO ratlins of any atom; 

(б) mass of an electron =2 h-() of a hydrogen atom; 

(c) electric cliarge =1 Mj x 10“^ e.m. unit [see § 40]; . 

(d) energy lequired to liberate the first electron from an atom 
•=10~^‘ ergs (approx.). 
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nucleus (+'’^) is capable of*at.ti><*hin^ to itself ^ definite vimiher of 
electrons unitf*of electrRut x )«whi(*h romler atoil) neuWl 
or nncliarj^edii^ This mnuber is calk'd ^le atomic number of the 
particglar oiemcnt. ^’hus a nftitraf ahun possesses (rt)*a j)ositive 
nucleus tjjgether will] (h) its atoinimiiiuiiber of electrons or units 
of iie«);ativ(MHectrieity, fjj. 

A neutral atom — i)OR^iv(‘ nucleus . aloiuic uinnlar \ eicctroni ( 

of Jjydrogen - ,, ,, of hydiogcji • + ^ one electron _ 

or copper — ,, ,, of fii>})p(‘i + t9n%1y-niiie eh'ctroiif^ 

or gold ^ • of g<iM I ni irntif-ninc <‘lectrouH 

• * 

* The ttUnnic nmnhvrn are found by arran^ong tlie eleiiHUits^in • 
the order (►f their atomic weights, thus, hydrogiui, 1, helium, 2, 

lithiuiilt 'b <‘tc. * * 

%. Conductors and non-conductors (insulators). 

Tn § l^we ineiitiom'd copper cables as earriers of oleetriciiy: 
we know that telegraph lira's an* niadr; of iron (^.eopper, that' 
lightning eonduetors, teleji)a>ne aia^elee.lric bell wires, the “live 
rail ” of tin* eieetide railway, and tb<*overla;ad win* of the electric 
traniw'ay are of tM)pper, and that the inetallir parU'i of a Hash lamp 
or of a magneto convey cleetrirdty. On the other iiiyul we*have 
noti(;e(l that (u)\eriiigs of silk, cotton, india-rubber, pitched and 
parathned fabrir*, and por-cidain ai-c used t^) prevent the escape 
of eleetricity. llenra) we may divide substanetvs into two 
classes: * 

(1) COndUCt<^S which convey electricity readily auc^^re^* 
chiefly metals and alloys ofinctals; 

(2) non-conductors or i]|sulators (chiedly tiuii-nictajlic 
substances) which pi^vent the passage of electrirdty. 

^ It is possible that the nucleus of the hydrogen allori\Siay prove to 
the positive counterpart of the clectrou^unit of negative electricity); but for 
the present we n^jiy say tljat the unit of positive electricity is the charge which 
is equal to that on the iiydrogen nucleus and which neutralir.es the charge 
of an electron. * 
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Conductors 

arrrfiJKcd is the order of tlieir ftbility 
''o coudncl olectricify, i.e. in#ordcr of 
tlieir coiu'uctifut'f, 

* 

Silver ,, 100 

Ooppor .. 100- 

Gold ... 75' 

‘Alumininin 51 

Iron . 10 

Gorman Sihev 7’5 

(Cu 6()‘7„, Zii 20'/,. Ni 11'7,) 
.Platinoid . u ■ 5 

(Cn 5H. Zn ‘M\, Ni 14, W 2) 
lOurefu . ' 5 

(Cu (1(1. Mi 401 

ParUal or indifTer 
Graphite, Gas Carbon 


ITon-conductors 

or, insulators (Lat. insulas island) 

Glass 
Quartz, 

Mica 
Uoek ^ 

T'orcelain and Sttrfjowarc 

Pilch 

iSlu'lluc 

lloMU 

Jndia-nibbcr 

Ywh-anito 

Paiiillin 

Oils 

l^ilk and Cotton 
Wood 
Cilhiloid 
Puie Water 
Dry Air 

L>nt Conductors 

, Carlioii Filiiinent 


4. Conduction and tl.e Electric Current. 

Tlie pjlcctron 'I’liiHiry liclp.s us to piiduro to oui’solvos some of 
tlx* coiKlitions insidu^a iiiclallic I'in;^ or <'los(*d wire, aj/. of copper. 
We nviy initigiiu! that the nuch^us of each atom is more or less 
rigid and fixed, with iU 29 satellite electrons neutralizing its 
positi\’e chai'g(‘ anti held in, control hy foret's of attraction hetween 
thOjtHxsitive nucleus ami the negative units or electrons. Some of 
tht' electrons, however, we may imagine to he but loosely attached 
nucleus. A small but definite amnuntjof work^ liberates 
the first uf these electrons, and by the expenditure of more 
energy others may be detached and migrate to adjoining atoms 
whtise (dectrons will now exceed the atomit; number (29): these 
atoms will now be neffaiu'chf charged : on the other hand the 
^"toms tliat kave' lost electrons are positively charged. Each 
negatively charged atom will ‘now be ready to part with an 

* Conversely, by the Tiaw of Conservation of Knergy, the same amount of 
work is done by the electron in .returning to its atom. 
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oli’ctron, wliich will not m‘(:(^^:irily^>p tlio saiHo p]«*('fcron fii.at^has 
just entorod Iho afoni in <|Upstiort ; and*iii tiirif, oaoh positivel\^ 
cliar"('d atot?>, a (UdVcfT of*(*!cc(roft.s, wilT bo 1 ^‘ady to 

any (‘loctron wliich is ^toscly aUacIuid to atfmi near it 
or is waiw^in^' alim^t unattached. •Jn luftah, it is#!#ipimsHl that 
such Joos(‘Iy attaclu'd or evigi wand^j^iin^ clcictrons (‘xist, so tliat 
wc may inia;;ine transh'rcnri! of eh'ctrons takin<^ place by the 
casting oli and absorjition of thfrsi' wandi'rii^ or readily detached 
electrons. This ready traiish'rence of clecfi’ons is called Con¬ 
duction. ^ (‘ may furttier iniai^i/K! tlie introduction of a forca 
^hich can direct the mi^jfration in any particular direction, and'so 
produce a stream of (dectfons round the circaiiff. Such a fft-ce 
which **auses a stream of eleetrons to move between an<> throw^;li 
tln^.-ftoms in a definitt! direction is called an £lectro-]VIotive 
Force, and the stream is (tailed an £jlectric Current. * 

Wu lui^t iiiiu^ano tluni lliat tliose Kli'ctrous (thr ullinifttc iniitH of 
nef'utive electricity) are viay iiiiicli sniallor than tin* atoms aud^he Bpacen 
betweiMi tlic atoms, i’lie s/irrd of eli otrons vanes but it is*lii^li, being com* 
(lanible to that of liglit. These inirmte paijiclos, moving witli great velocities, 
may be iniagined as passing freely tbiough tlie relatively large atoms and 
the spaces between them ; and we niav suppose that, in a metallic ring or 
circuit, where the atoms leadily part with and recefve electrons, the«stream 
may be caused to pass in a dehuite direction somewhat in tl?e saml way as 
water or air may be directed in a tube, oi iniiy surge to and fro as the^jires- 
sure is increased or diminished m vaiious {uwts of*tlie circuit. 

• 

As there ai'<‘ forces acting^ not fuily between the nuclei*und 
the electrons, bu4 also l«;tw('c[i the electrons tlieniselves, it is 
necessary to assujtie the ej^stence of an all-pervadiiij,' 
which the interacting stresses and strains are comijiunicated. 
This medium we call the ether |)f space. 

U nattached electrons repel each other witli forces acting 
radially froin*tlieir centres (assuming tlio electrons to he spherical) 
through the ether wtiicli surrounds them along Hiies which ailT ' 
termed “ Liqes of Electric Force.” We may imagine then, 
that, owing to tliis mutual repulsion among the electrons, electric 
pressure, or poteatlal as it <s called, exists, comparable to 
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hydrosHtic presmrf in a gasf Tlie» analogy of small rubber balls 
^acVed tightly into a hfg or scfueezwl in a stfeum against resist¬ 
ance tlyougl? a tube will l*^lj>*us to understandst^ese repelling 
forces between electrons. Each bitl repels its neighbours aftid the< 
outer l)alls t-^ijd to burst thrdigh the bag os tube. 

5. Non-conductors \r insulators. It ^is assumed that 
in non-conducting substances [jyje Table, 3] Electrons cannot 
move freely, if at ajf* from atom to atom. Hence a covering of 
insulating substance round a wire prevents the esca])e of electron^ 
somewhat in the same way as the ti3be mentioned above prevent^, 
‘thc^escape of the rubber balls squeezed through it. 


0. Exp. To show that elactrona repel electron#, but attract atoms 
dip>rived of electron!. 


(i) Brush a piece of wanned dry brown paper with a dry clothes-brush : 
the paper adheres to a dry wall for some considerable time. On/he electron 
theory ouCliued ^bove the explanation is as follows : the work done in over- 
ooming friction between brush a^d paper separates some of the electrons 
from their atoms, and transfers electrons from brush to paper; the paper, 
previously neutral, is now super-charged with electrons, i.e. is negatively 
electrified ; the atoms if\ the brush, on the other hand, have lost electrons, 
so that^he brash ispoititively electrified. 


Suspend a small wire stirrup from the in.sulating stand shown in 
Fig. 1 [refer to Table of Insulators, §3]. 

' Two spills of warm dry paper are bri^iy 
brushed with a warmed clothes-brush: one 
of the spills is then placed in the stirrup: 
on bringing the secoifi piece of paper near 
to the suspended spill the latter is repe^ed, 
but it is attracted by tbe brush, or by the 
hant or any uuelectrified (neutral) object. 

(1) Eepiilatott'is explained by assuming 
that both spills are charged with an excess 
of electrons—charffM repel ea<di 



188 rod coat^ 
with shellac 

-silk thread 

* brushed pajicr 

— wire afimip 


paraffin block 


Fig. 


other.^ 


(2) Attraction is explained by supposing that the excess of electrons 
on the paper (the negative charge): 






4-6J ii^iaion and liumcea vmrge 

(a) attracts the positively charged atops on the brush; * 

(&) in tjie case of the hand any iinulectrified Object, repel^ llect^ons 
from the near atoms to tiie more remdte parti^ thus lesfrinR the near parts 
poaitwely charge j—‘'n|ilUce cbarsci infract eacb otHer/' ,the two 
“unlitfbs” endeavouring to combiffo and restore the uncharged or neutral 
condition.^n this way^the adhering o^the brushed pa^r to the wall is 
explained.^^ •• 

Bxpa. (i) to Confirm the a^ve thec^; 

(li) to glustrate the terms 




In Figs. 2 a, b,*c, H ani^O are two insulated metallic spherc^^^a^Ji* 
having a small bole or metal ring at the top. • 

IF is a wire connecting li and C which may be lifted off quidkly by means 
of a shellac-coated glags rod, R. ^ • 

A is the insulated and suspended spill, negatively charged (t.e. with 
electrons in excess). • 

In Fig. 2 a the unelectrified but (^nnected sphered aii^placed so that«i%S 
is brought ne^kr to Attraction is noticed between A and J?, because 
^ Wooden balls covered with tin-foil serve the purpose of metal spheres. 
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electrons in 'tlio splierc system p and C are repelled so that there is an 
ex^ss of plectrons oif C’ and a dearth oi^Vjem on B. The negatively charged 
body A and the positively irharged Sphere li now attract each other in order 
to prodi^o, if possible,"a neutri# eotidition. , ^ ^ 

In l''ig»2b the effect is shown of Ifrmging near to C a hirjjer^picce o^ 
paper, brushed'briskly, and tl^is highly chaif^ed with elcc^ons 
Electronfl uo\f lush along tlie conducting wire 11' and erowiJKn excess on B 



sq that H is urgativelij cliargrd: repulsion occurs between A and B, Ootl 
being negatively charged ; the stresses and strains in the ether are indicated 
by the dotted “lines of force.” Quickly lift off the wire W by means of the 
glass rod i2 (Fig. 2 c). A and B still repel each other, and on replacing B 
by C there is a'sfronger attnujtion between A and G than when the uncharged 
spheres were used ns shown in Fig. 2 a. Next bring B and C into contact 
and note that together they attrneV A , just as any other uncharged body does. 

This method of charging the two spheres respectively (1) \Vith excess of 
electrens (negatively), (f) with electrons in defect (positively) is called indae- 
tloiii f> is ctlled the charging body (in ttiis case negative); an opposite 
charge is ladueed at the nean end of the insulated system and a like charge 
is induced ut the remote ei.d. The two opposite charges neutralize each other, 
for on removing Z>, the insulated* system is still uncharged. This shows tliat 
two ^qual hut opposite charges are induced at the same time. 

Additional Sxpa. A. Try the effect of substitutiL); for the electrified 
pa^r:'I>) the following: ^ ^ 

(1) irua; rubbed with 

(2) Glass ,, ,, silk, 

(<) The sealing tcaic beliaves as (ne paper did,, but more markedly— 
electrons are in excess on the sealing wax; it is negatively charged, (ii) The 
glass is positively charged. 

* B. Kepeat tlic experiments, plaqmg charged rods of sealing wax and 
glass successively in the stirrup, and substituting for D otl^er charged rods 
of sealing wax and glass. Record your observations carefully and make vour 
own deductions. 
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7. The Electroseop^ is a* iustrum^t for 'detecting the 
presence* and nature of sntall charges of electricity. 4t may be 
readily an^^inoxpensively rnadw the stydeiits iiiemsehes. ft 
consists of a!i*insul?it(^d brasffstrif) or thick wire d/i,*beiit in the 
form sl^^n in Fig. 3. A brass kn(|l» (A') or an open metal can (C) 
may be n^d to the end A. At (lange is soldered. At the 
bend D a stiip of gold or alu¬ 
minium leaf ((S') is attached by a 
thin coating of secci)tine, •ca?*e 
being taken to preservQ metallic 
,contact be^We,en the rod anefthe 
loaf. The leaf of the electroscope 
is protected from dniuglits by 
supjjprting it in a glass bottle, 
tl»e metal rod A blDH l>cing held 
by the iiange which rests on an 
in.sulati»g plug of j)arajliii wax or 
on a half-s})lit c(»rk previously 
well soaked in melted paraffin 
wax^ The iustniment is ren¬ 
dered more Sensitive by cement- 
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Fig. 3. 


ing a strip of tin-foil Tl\ on the outside and bottofi of ^le glass 
vessel, opposite to the leaf (6r). 


Sxp. (i) To ebarge eloetroseopo wltB excess of electrons (i.e. 
negattrely) by contact. 

(1) Touch the knob (7i) by (a) warmed paper that has been brushed 

with a warm dry t^ush ; (&) a stick of ebonite or sealing wax rubb^ with 
flannel: or t ^ • 

(2) Iteplacc the knob (A') with the can (6') into which may«be placed the 

brushed paper or the rubbed Healing|vax. The insulated metallic part of the 
electroscope is now cba.rged with excess of electrons and, as they repel each 
other, the ligl^t leaf ((r) tends to fly away from the rod DB : the electroscope 
is said to be charged negatively. * 

1 The insulation by means of parSflin wax must be as perfect as possible: 
it is well too lo cost the glass inside and out with shellac varnish (paint or 
wash with shellac dissolved in methylated spirit) \|[hich prevents the deposit 
of a tlyn Aim of moisture on glass. 
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<<Su|bing.M Notice tbut if W|> touch the*electroKOope the leaf falls; it 
is said to b» dischirgctf or eartbed, i.e. convected to the earth. We may con* 
rder the Earth to bS a huge diass of deutral atoms into which electrons may 
escape from a negativelyVharged tody* or friim which^lectrg»<!^may be drawn 
to any exteift without affecting the ncuflal condition of so large a quantity 
of atoms. Compare “Madevel’* ^dth this neutral^“eartlied'Rendition; 
water pumped inlo or out of the soa does not materially aff^flTthe level of 
the ocean: similarly the earth i^ huge A^servoir whosc^ieutral condition 
is nq^ affected by addition or removal of electrons. 

• 

Vo ehare^^lie eleetroacose by tndnetton. 

(i) VoaitiTely. Having “ earthed” the electroscope bv touching it,'bring ■ 
near to the knob {Kj a rod of sealing >#ax or ebonite 
previoQsiy charged with electrons (negatively) by frio* 
*tioD with flannel. The l<^f (G) rises because a certain 
number of “ free” electrons are repelled into it,^leaving 
the region near K with a defect of electrons, i.e. jDo^ively 
charged. (Pig. 4.) Now touch A'with the hand, thus 
“earthing” a number of electrons corresponding to those 
that were driven into the remote parts GBI). Bemove, 
firstly, the hand, secondly the rod: the remaimng “free” 
electrons now distribute themselves uniformly over the 
metal of the ilectroscope, which having a defect of 
electrons is pooitlvely chaiged. 

(in Ifegatively. We must substitute for the sealing 
wax fod above a poalttvely charged rod, e.g. glass rubbed 
with silk. Try this, and also the effect on the leaf of 
bringing {¥) positive, (2) negative charges near K when 
the electroscope is charged (a) positively, (6) negatively. 
Eteoord and explain your results.* 


R 

C:*. - J 



Ifig. 4. 


8L, Exp. To Bhow that When electron^'are separated 
(Tom atofna the latter constitute! an equal but opposite 
quantity* of electricity. 

We must constantly bear in mind that vhen “ electricity is 
jeneral^,” no new substance is created—it is merely the act of 
leparaiion of Saclr'om from their 

An electroscope, provided with a can (Fig. 3) oivconneoted to 
in insulated can, is (kst used uncharged. 
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An ebonite rod R, fix^d i* ii clamp (Pig. 5), ie then fitted with 
a flannel* cap which may he rotated )j)und the rod by pullinj 
altemately\wo insulating silk #hr6lid.s woimd in nppo^te direc¬ 
tions round tfie ojip. By tht? work done in overcoming friction, 
olectror^^re sepat^ted from atdms and 
these electrons congregate on the ^Vonite, 
but are not separated widely from tho corre¬ 
sponding positive nuclei on ithc flannel^ 
until the cap is removed. Place the twit * 

(cap and rod), before separating, into the 
•can of the electroscope: combined they 
show no charge. Nextspull off the cap 
by tj)e insulating silk thread and show 
by electroscope (previously charged 
4.*<‘ij) that'each is.charged with electficity, 
but the cap +’'>■■? and the rod —'"’'r. Then 
place thb cap, by holding it with the silk 
thread, into the can of the uncharged 
electroscope.—the leaf rises 
the can as well as the cap- 
in each case.* 



, • 6 . 

and ^stly put the ebonite rod into 
the leaf falls. Make your deductions 


9. Relation between inducing and induced c&argef. 
(Faraday’s Ice-pail Experiment) , 

We have already shown in § ff that, when a charged^ body 
is brought near an imsulated conduetor, two equal but oppo¬ 
site charges ^re separated by Induction on the coijductor. 
This may also be proved by means of the electroscope fitteSVith 
a can (C) and at the same time that each induced charge is 
equal to the iiyducing cl&.rge when the body holding the 
inducing charge is practically surrounded by the insulated con¬ 
ductor. Incidentally we can also show that the qhargc^resides 
on the outside of an insulated conductor. This latter 
statement daturally follows from the property of electrons, viz. 
that Jihey repel each other. ' 
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Sxp.tDineharge clcctrosco)f^ by tcnichifig it (“earthing” it). A braHs 
ballinsultfteil by lUKpending it wi^h a sflk thread, js charged mujativchj 
*fbay), i.e. with jlectrona, by*oiii^hin (4 it with brushed pape^r ebonite (or 

sealing wix} rubbed with flannel. . * 

» 

(i) Lower the *• charged balU7>’) into tlie can‘ ((7) but without tonchin(i 
*' it (b'ig. fl): tlie*h'af riaes^rifli the in* 

\.diiced c^Mirge of electr<^B. On removing 
tlie ball the leaf falls, showing that tlie 
elecVoscope is still unchArged {/. e. neutral). 
Luwer«the ball again into tlie can and 
lot it the bottom : the leaf lias • 

risen, hnt it rises no farthca vvb^n contact 
takes fdacc t remove the liall and shov/ 
by moans dl a second cloclroscope that the 
hall is now unrhmjt'd^ i.e. its (dectrons 
have neutralized the equal but opposite 
quantity of electricity induccd.^or siyn* 
inoned, on the inside of the can opposite 
the bull. Also, since tlio ball on removal 
from tlie inside of the can is f^und to be 
uncharged, it is evident that the electrons 
•lave repelled oaeb other to the older 
limits of the insulated eondiictor. 

(li) Again lower the charged ball 
into the can, but do not let it touch the 
can: the leaf rises with tlie induced 
charge of electrons: touch the can mo- 
> mentauly with the finger—the leaf falls: 
withdraw the ball without allowiifg it to touch the can—the leaf rises: next 
allow the ball to touch the can—-both the hall and can are now found to be 
dUeharged. 

of t&a dodncuont from tffese experiments is userui: 



^a) A ch^ged body brought near an insulated conductor causes a separ* 
ation«of electrons from atoms by induclion. 

(b) Electrons are repelled from or attracted to the inducing body accord* 
ing as th« latter is charged - or 

a 

< The experiment is often called '^Faraday'a Zea>pail SsperinMnit/' 
because the can originally used by Sir Michael Faraday, Vhen he first 
demonstrated these facts sibout the year 1830, was an insulated ice-pail con¬ 
nected to an electri^cope by a wke. 

• 
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« 

(c) The inducing and inijuced charges are equal, but of'opposite sign, 
and together they neutralise eaclj htlier. 

N.B. The-.can or “ice-pail” is ajippyod*praoticaHy tp surround thi’ 
charged insnla?(:drhall. » 

(d) The charge resides on the outer sprfaco of a conductor. 

10. Recapitulation to assi^'in visualizing the “Elec¬ 
tric Current.” 

The re.sults of recent discgv'ery enable jpj,to gain some insight 
into the properties of conductors of which the best are pure metals 
J^see 'J'aljfe, ^ 3J. It is now beli(wed that electrons move freely 
among the atoms of metals. If wo could isoliite a single neutrah- 
atom of a metal, we should probably find that its electrons 
(numBering to nearly 100 according to the atonlic ntimbeT of 
th<i paftieular metallic element considered) revolve in paths roijnd 
a nucleus. We may im.agine that the atom is not solid matter, 
but a system of matter arranged in some mathematical form, the 
motion of the electrons in their orbits being comparable to that 
of the planets in the solar systeip. In an aggregate of atoms 
composing the metal, the spaces oetween the particles may be 
considered to-jbe very great, so that electrons may pass somewhat 
freely through the atoms without more than slight probability of* 
collision either with the nucleus or with the satellite electrons. 
We can further imagine that one or more,electrons may fly'off or 
be removed from an atom and travel for some distance, passing 
through several atomic systems before colliding with or attaching 
themselves to ohiier atoms, much in the same way as comets pass 
right through our solar sj'stem or are absorbed into jt. caSi' 
also imagine that as electrons are added to an insulated conductor, 
there is immediately an “increase of pressure” of electrons 
throughout the whole metal; and that if now the conductor is 
“earthed,” V>y touching it with a wire held in,thejjiand, electrons 
flow along the wire to the earth until the pressiire is restored to 
the normal Ijr neutral condition. We call this flow of electrons 
through the metal an dectrie emrent,^ 



14 


Electridtyt and Magnetism, [oh. i 

Questions‘ON OhapWb I 
^ , 

^ 1. Criticize the Statement “Elecfrioity is a form 0 ^ Energy.” Mention 
various ty{>eB of Incrgy and describe bi^edy how they mu^umly convertible. 

2. Defind element, atom, electron. 

What do yontmean by the statoToent that a bod^is electrig^ charged, 
and how would you show in a sic^^le manqpr the existence ot two kinds of 
electricity ? 

• • 

3. What are the fund^ental facts 9f attraction and repulsion of electric 
charges, and describe anf Experiments yoif would perform to illuirtrate them ? 

If electricity of one kind is produced, how would you show that an equal 
quantity of the opposite kind is produoed'at the same time? 

* ^ A piece of ebonite is rubbed with fianfiel and then brought near to 
some small^picces of paper. Explain, on the Electron Theory, the charging 
of th*e ebonite and the subsequent behaviour of the pieces of paper. 

I. Define conductor and insiflator. 

M^e a list of the common substances in the room in tiie order of their 
conductivity. 

6. Whal; is an*electroscope? What special precautions would you take, 
in constructing one, to prevent leakftge of electricity? 

7. Devise practical experiments (a) to electrify a brass tube by friction, 
•(b) to test whether its chqfge is positive or negative, (c) to sLow there is no 
charge ii^ide thf tube. 

, 8. ,How would you charge an electroscope (a) positively, (b) negatively, 

using a glass rod? 

9. fExplain the term 'induction." two exactly similar electroscopes 

* have ^cir caps connected by a wire and a positively ohatged body is brought 
near the cap of one of them. Compare and explain theii^indioationg. 

* wiv be now removed by means of att insulating handle, and then 
the charged body be also removed, what effects will ^ observed in the 
electroscopes 7 

10. Describe carefully Faraday’s loe-Pail experiment, illustrating the 
various stages of ^le e:^eriment by diagrams showing the kinds of electrifi* 
cation produced. Carefully tabulate yotr conclusions. 

II. An earthed conductor is held near a charged hollow dbnduetor. In 
what position must it be placed to obtain the greatest induced charge ? 
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HYDROrjATIC RELATIONPHIY BETWEEN CURRENT, • 
PRESSURE' AND RESISTANCE.' THE ELECTRIC CELL 


11 . Jn g 4 we called the fofse that drived' electrons in a 
definite direction through a conductor an electro&lotive force, 
the difference "in pressure exerted bj electrons in various parts of 
the conductor we called difference of potential’, and we ^rew 
an analogy between electric and hydrostatil^^esmre. Let us, now 
try to find by experiment whether, when water flows through a 
jtube, thSre is any relationship between the (1) Current, 
(2) Difference of Preswre and (3) Resistance in the tuber 

Demonstration. We measure Current [C] by the quantity 

of^wStfe' delivered in a definite time . 

We measure Pressure [P] at a point in the tube by the vertical 
height ot a column of water at that point. 

And we can alter Resistance [P] by (o) va”ying che cross- 
sectional area [A] of the tube, (6)"Varying the length of the tube 








1« 


Electrieityt mtd Magnetism fcH. ii 

[i], (c) altering tho^packing in the^tulfe, e.g. small glass beads, 
sand, glaftj wool^ where rcsista^nco depends on the qualities of 
fech particula,** substance [iff’J. % /■ 

Set up ,tlie appaiatus as shown in Fig. 7 v^hich •explains itself. 
n, ^j, 7^3 is a horizontal gloss Ijube (150 cms.) tightly paujjed with 
small glass beads and connected to a ci.stern whei^ water is 
maintained at a constant level. The (^tflow of waUln* is regulated 
by the^tap T, At 7/^, 74 vertical glass tubes are fused on to 
the niflin tube, the pik-ltsurc being uu.'iasured by noting the heiglits 
of the water-columns, differences in levelvindicating diflerenccs-in 
pressure: 

• th|i8, 1\ measures the dificreiice in prgssure between B and j 5, 
and „ „ B^ and Tj^. 

We notice that wiien the current in steady, i.e. when tfi^ tap 
T ifc' adjusted so that equal (jmmtilien jhw in equal times, ^lie tifiys 
of the colujiins ore in one straight line, which itself indicates the 
slope or gradient of pressure of tlie water within the tube. We 
vary the pres^uxe gradient by raising or lowering the shelf (S) 
thereby altering the “head ofVater.” 

The following table gives tlie result of a series of observations 
)f pressure and current. 


» ! , 

‘4 


• ' CttiTent(C)=voI. of 

Pre»ittre(P) = difRreiice»' water delivered in 6 
in press, between points* mms., the gradient 
P and 74 as measured by of pressure remain- 
differeuce iu heights of , ing constant during 

water-columns Ki Q < 

I tbe time 


,, . Vreitore 

llatio - ' - 

Current 

:= Constant 


2G'0 cms. 

j 34(Acc. per 300 eejs. | 



390 „ 

' 28-7 ^ 

^•7 „ 

390='’'’' 

290 „ 

t' 

! 400 „ 

[ 

1 — =0-73 
403 

31-0 „ * 

• 1 ‘80. 

tl 

1 —=0-72, 
1 430 ' * 


4. 
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Let us examine these obsj^vaticfhs to fin# whether ji(fcre*is 
any simpleVelationship betweentnd (Jui^ent^thf^i Resist¬ 
ance’' of tap aVlj:ul>e^wheu once {fdju^ted, being kept corfstant. 

\ Fr(fm this experiment we make tlie deduction t]iab, assuming 
the Resistmice to be cotnsfanf.^ tlie Clfrrent is proportional tO 
the Pre8SU?^iHertince. , / 

Resistance^ If the tap 2' is opened or closed slightly, the 
resistance is correspondingly lesstTiied or incr^i|sed. ^ 

Bxp. Take another series of obnervutions, having altered the Kesistanoe. 
* /Pipssurc\ 

The above cSB^noy of relationship (• j still holds good, but the ratio 

PIC varies with rise or fall of th# ReHistaiice. • • 


Wemay thereforeusethiLsratioasa measureof the resistance, a^d 
we shi41 Refine resistance as the ratio of pressure difference 
to Chrrent provided that the condition? remain constant, llendfe 


12 . 


Pressure Difference 
• ” Current 

A Closed Circuit. 


= Resistance. 


perfoi’mod we rflkwed the water 
to run to wa^e; we might, 
however, have maintained the 
pressure by returning the water 
flowing out through 2' to the 
water in the cistern either by 
(fl) actually lifting the oul flowing 
water to the hi^er level or 
(6) working a pump in a lube 
joining the out-flow and in-flow 
cistern. In each case work must 
be done to maintain*the flow. 
If the water used is contained in 


In the experiment we have just 



Fig. 8. Water Meter. IF, Centri¬ 
fugal Pump. *S>, Stop-watch ^regis¬ 
tering time in feoonria (t). 


^ It is extremely difficult to maintain a constant resistance if the current 
is varying; crosscurrents and eddy currents set up between the l^ads 
interfere with the main current: good results are obtained provided that the 
beads are wy smrll and variations of pjessure^re not too great. 

B. S. 
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one continuous tu're. the system i" called a Closed circuit, and 
may be'diagrai.iniaticajly sliov/n as"in Kig. 8. 

The Pressure Difference {^-p) is niaintaiiied oy the centri¬ 
fugal pump, which is working at such a rate that W units cf work 
(say) are performed by thi current, ixstween A and B in the 
external circuit, in t sees. The quantity of wrfier Q passing 
through the circuit is measured by the meter; the current (C), i.e. 

" Q ' 

quantity per unit (jp, time = — = C^ 


,,, Pressure Difference „ 

- Curreur = 

where ff, = resistance of external circuit between A and B. 

■ (2) Workdone(ir)=QuantityxPre8SureDifference = (>(P-p). 
(3) Power of tl>o external circuit = Rate of doing wt.t 
= Work done per unit of time 

= Current x Press. Difference'. 

Important Note. 

The pressure difference between A and B, i.e, (P~p), will 
, not measure tl e real pressure {E) exerted by the pump, as 
chis pressure difference will act in the opposite direction to E 
, within the pump. In addition the pressure E will have to 
overcome the iiJterna! resistance of the pump. Hence 
Actual Pressure exerted by pump E „ 


Current 

wjjrre r - internal resistance of pump. 


-= ^i + f. 


13. -A Closed Electric Circuit. 

■ If in Fig. 8 we substitute 

(«) for the pwmp an electric cell or battery of cells [see 
§ 19], a dynamo^ or other generator of an electric cuiTent; 

. (6) for the tube a wire or system of wires, electric lamps, 
electro-magnets and motors connected by wires [external circuit]; 
* Cf. WaUt8=: Anpdres x Volts [§ 80}. 
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(c) for the pressure gauge, an inurnment called a VOltme^r 
[see § 66],* which measures diftertmce o| electrfc pressure, i.e. 
potential dMTe^ence [p.u.] or ^It&ge, in units dhlled*voltB; 

(df for the roater meter an instrument called an amm*eter [see 
§47], whifli measures electric current, i.e. quantity af electricity 
passing a poiiS 4 )er sec., in uaits callj|! amperes; 



• 

Fig. 9.^^, Battery of CelJs or (Jeiierator of Electricity. Am, Ammeter, 
moaBuroH tbe Current in Amptees. V, {Toltmeter, measures the P.^.' 
in Volts, i^j, Besl&tanee of the circuit, apart from the Battery, in units 
called Obms; r, Resistance of the Battery in Obms. i^=ii,+r=Total 
Resistance of the circuit in Obms. 


and if we called the external ree^Btance of the circuit R,, 
measured in units called Ohms, w#can draw another diagram 
(Fig. 9) and continue the analogy between fluids and electricity 
stili further. In addition we shall find that the felationship between 
firessure, current and resistance, which under certain limitStions 
holds good in hydrostatics, may be generalized for electricity" in 
the form of a law [Ohm’s Law]. •* 

In § 11 we established the hydrostatic relationship 


Pressure Difierence _ . . 

-; -%.-. . - = liesistance. 

Quantity deliverea in unit time 


. „ , Presfure DiflTerence 

t.e. Current =-- : 

• Kesistance 

which in electric terms becomes 


(i) for the external part of circuit between A and . 
* Potential Difference P. D. 

-SesrsteiTce. - =*7^’ 


2—2 
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(ii) for whole circuit (serf notef end of § 12) 

Curr Battery E. M/jf. M 

* Total iCei^/staVico of Circuit ^A'J + r AI’ 

k^bore • i?j = resistance of external circuit, 

V «“ a internal „ . 

Ji* = Jii + r~ tot«^ resistance of circuit. 

^This equation expresses Ohm’s Law which states that the 
urrent in a circuit ^iries directly as the ehctromotivfifm'ce (b. m. p.) 
nd inversely as t\\^?Resixtance of'the circuit. 
mportant Note (cf. p, 18). 

If a current is flowing through tlie cell and an external 
circuit, thfe e. m.p. of the batterj is NO'C equal to the P.D. 
beVveon -the plates of the <;ell; as this p. d. and thp e. m. F. 
will work against each other inside the cell. 

If, however, the cell is on ‘‘ open circuit,” i.e. no*cur- 
rent is flowing through the cell, the E. m.p. of the cell is equal 
to the P. D. between its plates. * 

Let us ndw descrihe the instruments mentioned in the last 
paragraph, and at the sainei time explain, as far a,s is possible at 
his stage, tlie terms used and note also the various effects of the 
ilecu ic current. 

14. Electric Cellg, 

The Voltaic Cell jVolta—Italian physicist 1745-1827]. 

, A rod of pnr« Zinc and & strip of Copper foil 10 a) to which wires 

are attached are placed in a beaker 
of dilute Sulp/iuric Acid [1 part acid 
to 0 parts water], great care being 
taken that uo metallic contact takes 
place bet\^een the Zinc and the 
Copper either inside or out of the 
acid. No effervescence takes place. 
Touch the ends of the wires to* 
gether and also connect them 
through a suitab'e ammeter (Fig. 
10 b) and note that— 

(tt) the ammeter records the pasaige of an electric current; 


\ 


Fig 10 a. 
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% ^ 

(b) bubbles of hydrogen apjKar on the gopper foil, ^ ^ 

This arrMigemcnt of Zinc and Uopp^ plates in a vesaeij contairfing difute 
sulphuric acid called a simple Voltai(?^ell^ ^ ^ 

E« 5 ). To skow'that in*a Voltaic Cell (Fig. H) 

(i) electrons accumulate olt the Zinc ftlate, which 

ciinseq»ently\^comes 
cliarged and ^ 

(ii) the Copper foil l)e- 
comes charged. 

• 

In oiw^.xperiments on 
tlie voltaic coll no chemiaA 
action is observed to take 
])lace vfhen a zinc plate and 
a (S)ppft’ plat<! are placed, 
without metallic contact, in 
a dish coi^aining dilute sul¬ 
phuric acid. But a very 
important eUelrical change 
had taken pHtco which can 
be verified bj» experiment, 
viz. that owing to a partial 
solution of the zinc, electrons 
have accumulated on the zinc 
plate, causing a pressure difference between the zinc and the 
copper. This pressure difference (aljout 1'08 volts) corresiidhds 
to the pressure Aerted by the centrifugal pump in § 12. On 
completimi of the circuit b^ a copper wire a current of,elec!h)US 
flows from the zinc to the copper along the wire, returning by 
way of the solution. This prossAe difference, which exists eyen 
whilst the circuit is nicomplcte, is known as the Electromotive 
Force (E.lft.F.) of the cell when on “openrf;irC8it,” artd is a 
measure of the “ driving power ”%)f the battery. 

The energy necessary to produce the electron-flow (current) 
when the circuit is completed is provided* by chemical action 
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within the'battery^ (in the voltaic .cell tby the solution of zinc in 
sul^)hunc acid).^ 

Note/>n aiJLalgaxnation anft lo^ action. 

Commi!n:ial zinc used in hattcrie^ because it is much less ea^neiye 
than pure zinc. *Tho impurities f.mnd in commercial zinc are ^arbon and 
arsenic in miu'ufe granules, which in contact with zinc act ^ the copper did 
when the plates were joined in voltaicccell. This contact or coupling of 
zia<; with carbon (say) causes immediate solution of the metal. This local 
action, as it is called, may be prevented by covering the zinc plate with a 
layet of mercury whiclf^fs effected by sdruhbitig the plate with a mixture of 
mercury and dilute sulphuric acid. Mercury dissolves zinc, but not the im» 
purities, and forms an amalgam, so that pure zinc is prese&Jv.! to the acid 
solution in the battery: the zinc plate is then said to be amalgamated/ 
an& no general sohition of the metal takes |!>lacc, except when the circuit is 
coippleted/ 

Demonstration. A single voltaic cell does not possess suffi¬ 
cient E.M.P. for the purposes of tliis experimeri’t: we must multiply 
the pressure by linking a dozen or more cells in series, i.e. by 
making p. chifin or series of cells (Fig. 12) in which the copper foil of 
any cell of the series is joined to the zinc plate of the next cell, 
so that the e.m.f. of each clll in the succession is^added to that 
of its neighbour. Thus if E repre.sents the e. m. of one cell in a 
hattd^ of n cells jotned “ in series,” the total E.M. F = nE. 

In* order to collect a large number of free electrons from the 
zind or negative pole of ttie battery, the terminal is connected by 
a wire X to the lower part* of a condenser D joined by a wire 
IF tJo an electroscope. If the lower plate of D actually forms the 
plate of the electroscope <S', the iustniment Cs called a con¬ 
densing^ electroscope. A condent»er is a kind of reservoir 
for electrons: it consists of two large flat plates of metal (brass) 
separated and insulated from e^ch other by a piece of paraffined 
papery the lower plate being supported on an insulating stand; 
the larger thp ari^ of the plates the larger the capiacity of the 
reservoir or condenser becomes,'and the capacity is still further 
increased by “ earthing ” the upper plate. [Attach the wire, F, 
to the gas pipe.] In Fig.^12 the condenser is shown in vertical 
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section, the upper plate baing joine^ to the copper (■^") pole by 
the wire and the lower to the zinc (-"f pole, an4^o the 
electroscope |s described above. JlEl<j;tr(fcs iiow*into the lower ( 




W.n ('Ll* Zii I'll 


ll.il(rrv<it I2tr>ltuu ccHh in Scrw-* ] K M r. 12 k| 




Fig. 12. ^^ouch here and freak contact. 2. Raise top plate of condenaer. 
• • B. Note rise of leaf and that electroscope is negatively charged. 

plate of J) which becomes*iiogatively charged, and an equal hut 
opposi^^j charge is held bound by induction on the upppr plate. 
(1) contact with X (see Fig. 12), no change ia seen in the 

electroscope until (2) the upper plate ft raised, when (3) the lenf 
of the electroscope rises and is found to be charged negatively 
[see 7], t>wing to the in-flow of electrons from the zinc pole of 
the battery. ^ • * 

The cells in J'ig. 12 arc joined In sertss. Fig. 13 shows a battery of 3 
voltaic cells joined in parallel. The term in parallel or in vmltiple are is 
used when all tbe*zino plates of a battery are joined \/ire8, making virtually 
one large zinc plate; and, also, all the copper plates are Jpined tlras in¬ 
creasing the size of the copper plate, the whole battery being now oA larger 
cell of the same u.M.r. as before, but with Tess internal resistdlhoe to the 
passage of electrons [see § 16J. * 



m 


15. Terms aud ConvenVons. 

Unfortunately the term positive (-)-”) pole had been given 
to the terminal of the copper plate of the cell and the term 
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negative pole to the terminal of the zinc plate long 
be|ore’^-he existeu(fc of clcetrons ail4 the e.lectron-flow was known. 
These tenas w^re assisted arBitranly, and hs a consequence the 

positive dit-ection of trie current in Hib wire'outside the 

cell froiii‘+™ (guppei') plate to (zinc) plate was also (Ietcrmin6(l * 
on arbitraril/'i 

The direction of the^urrenA may be reios^nbered by the 
mnpmonic “ asINc,” which indicates that in tlje cell itself, the 
direction assigned tortile currc.nt'is from zinc to copper [or carbon] 
idaCe. * 

We now know that the actual ^direction of thP' ?lectron- 
flow is contrary to the arhitrarily chosen direction oj 
current. Electrons ojily flow from” the (copper) plate to 
the (cine) plate loithin the cell, i.e. in the solution. 

' 16. Theory of the Voltaic Cell. 

It is supposed that the molecules of pure sulplu 
(HjSO.),' thonjselves neutral, di.ssociate on being dissolved in 
water into two kinds of'Tons (from Greek = “goers” or 
“travellers”) charged respectively positively and negatively. 
Thus one molecule o[ sulphuric acid dissociates into two hydrions 
positively clv<.rged, each with one electron (e) in defect, and a 
neyatively charged sulphion carrying two additional electrons. 
The dissociation may be represented thus 

H,so. ^ SO.+; 

I. 

if 

neutral positive nefiiative 

molecule ions ions 

Using pure zinc and copper plates in *fche cell containing 
dilute sulphuric acid, no visible reaction occurs and no current 
flows, until tfiQ. circuit is closed, ,p hen chemical action, necessary 
to maintain the electron-flow which produces the begins. 

The sulphions, op touching tlie zinc, combine with it to form 
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zinc sulphate (ZnS 04 ), thus setting free their electrons, which 
are propelled by the pressiuo al^rcady mentioned thratfgh the 
zinc and aloi^ the connecting wii^ t<y.vaifts the copper plate, 

Zn + ' = ZnSO, + 2c. 

. +« • 

In the mISjjwhile, in thO(Solutio^ adjoining the copper plate, 
two hydrions, ^2 (H - e), for every sulphion combining yith 
zinc, receive! two of the freed "electrons (Jc) and so become a 
molecule of neutral hydrogen (Hj); thus a stream of electrons 
continues jj^.the connecting wipe and round the circuit as long as 
■ 21 nc dissolves. 

17» Polarization. The accumulation of hydrogen roipnd 
the «mper plate impedes and even altogether prevents the 
passage of electrons. This process is'called polarisation. It*is 
su|>posed that, when the hydrogen accumulates, hydrions do not 
at once gi^e up their charges to the plate, but form a layer or as 
it were a new “plate” of po.siti\o olytctricity alongSi(3e the copper 
plate and present, by their repulsios, the arrival of further ions, 
thus constituting a new electric couple which tends to drive 
electrons harJc, i.e. in the opposite directioi#to the originallflow 
caused by the solution of zinc. This back El.M.F. is «hiefly 
responsible for the falling off of current; but polarization is also 
due to the ins\dation of the copper jjJate by the non-conducting 
bubbles of hydrogen that accumulate [p. 27]. • 

To maintain % steady current, it is therefore necessary to 
remove the hydrogen, either by • *■ 

(i) mechanical means, e.g. brushing with a camel-hS.ir brush; 
or (ii) chemical means, e.g. adding to the battery solutioi a 

A 

strong oxidizbr, called the depolarizer [2H +^0 = H.,0], such as 
chromic oxide (CrO,). Nitric *cid (HNO 3 ) and black oxide 
of manganese (MnO.) are also used under certain conditions 
[§| 18, 19] as depolarizers. 
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Demoflgtratlpn to illjaBtr^te Polarization and the 
action bf DeRolarlzers. 

Two^volltic cells are oaftnacted “in series” by/thick copper 
wire with (1) a “ demonstration ”* m&suring electric 

pressure up to*!5 volts; and t 



(2) a “ demonstration ” Aihmeter measuring cuirent to (say) 



.Fig..l5. 


2 amperes. 

The wires &re arranged as 
in Fig. 14 so that by means of 
a “two way plug” or “switch ” 
(Fig. 15)® (ft) the voltmeter, or 
(h) the ammeter, may be in¬ 
cluded in the battery circuit. 
A voltmeter consists essenti- 
all^f of a coil of very fine wire 
presenting great resistance to 
the cur^pnt and a magnet 
attached to the^ pointer: an 
ammeter is fitted with a coil of 


^ See that the pole of the battery is connected to the -b” terminal of 
the voltmeter and of the ammeter. ** 

® Fig. 16 is a ifdng oemmntator [see § 62], bnt it may he used as a ** two 
way plug ” by joining (say) the*left-haod pair of terminals by the battery wire. 




17-18] Single FluidtCells 


2 ? 


thick wire which allows elBctrcjns fr«ely to giasf ronnd'the circuit. 

(i) Note the voltage before Mie asenieter has befin put^to Che 
circuit by joining « to v, then swhtchi the current tiirough A by' 
joinii]g « to n: *a ra^d falling off of current will bo observed : 
record this and the time occupied. JThen switch V in circuit and 

(ii) note also that the voltage has fallen considerably.* Next, using 
a camel-hair Blush, remove*the huBbhs of hydrogen that have 


collected on the«copper plate andjiii) noh, the rise both in presSure 
and current. Finally short-cirifuit tin battq^y once more through 
the ammeter until the cui/ent and voltage have fallen; then mid 
(jj) lx)th cSlTS a strong solution of chromic acid (a depolarizer): 


observe that the hydrogen,bubbles soon 
disappear and that both voltage and cur¬ 
rent aj^restored to their original strength. 

*18. Single Fluid Celia‘. 

(1) T|ie Voltaic Cell [S H]e.m.k,, 
Voltage or Terminal r.n. - IT Volts app. 

(2) The Bichromate (or Chrd^ic 
Acid) Cell fE.M.i'.-2T Volts] consists 
of a zinc plate^onnected to one terminal 
(tlio —pole) and, on either side of the 
zinc, two carbon plates connected to 
second temdnal (the + '''' pole) [l^^ig. 16]. 
These plates are immersed in dilute tul- 
phuric acid in which crystals of potassium 
bichromate, orbeS^rstill chromic acid, 
a strong oxidizer, have Seen dissolved 



and act as a depolarizer^ zinc Fig. fc. 


^ Xote to Oemonstrator. Separate Hpeoimena of each kind of cell ma^ 
be set out round the laboratory and the atudents be allowed to mQ^'e their 
positions in order to draw and describe the various cell! in^ttieii note-books, 
and finally prepare a tabular statemeire under the following headings: name, 
pla%i, excitant, +»• plate, depolarizer, remarks. Near each kind 
of cell should be placed a pocket voltmeter, French ijattern, price lOn. 6d. 

* Foij^ experiments with depolarize^ see §gl7. 
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plate when'not infuse may l>e lifted (*it of the acid solution by 
mS&na Sf an adjustable rod. flie selution should be made up in 
the following proportions : ^.ulphurio Acid 1 part, fShromic Acid 
2 parts, .Water 12 parts (or, if Botassiunf BicBroraate i^ used, 
4 parts). ' 

Reactions. Zu + H,S 0 i-ZnS 04 + 2H, 

6 H + 2 Crb 3 - Or A + 311,0, 

CrA+ .SH,S 0 i=i:ir,(S() 4 ), + 3H,0. 

(.3) The Leclaliub^ Cell [e. i<l.i'. = l'4 Volt] gives a small cur- 
rent, useful foreUvtric bolls and,telephones, 
and niuy be used intermittently for many* 
months pr()vid(3d*tbcre are intervals for the 
recovery from polarization. The cell (pg* ^7) 
contains a Siituratcd solution of AS'HS’Dl- 
monlac (NH 4 .('l) with a zinc rod for the 
-plate and a carbon plate for the +''®, 
the latter being surrouii(le<^l with cAished gas- 
carbon and manganese dioxide as depo- 
larizer cither contained in a,porous pot or 
as an agglomerate block held together with 
j ri^. 14. •plaster of Paris. 

Riactions. 2NH4.CI = 2(Nir4) + 26, 

' Zn+2(NHDci = ZnCI, + 2NH, + 2l^, 

2£t + 2Mn9, = Mn .,03 + H,0. 

V 

• 19. Two Flnid Cells. 

(4) Djinlell’s Cell [e.m. p.-^M «.’'olts], s‘hown in Fig. 18, 
consists of a rod (a) of zinc (-in dilute sulphuric add 
(6) in a central porous pot (c) wfiich prevents the mixing of the 
two solutions. The hydrogen ions travel B.hiough the porous 
earthenware towards the containing outer vesrel of* copper (d) 
which acts as • the + plate aad holds a solution of copper 
sulphate («) replenished by a store of crystals .placed on a 
perforated shelf (/)i Polarization does not occur because the 
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hydrogen ions replace copfer, lyhicli*deposits cgi the copper vessel, 
from the solution. * . 

Reactidhsj • • »(fln OBissi' 

• ZntHjSOj = ZnSO,+*2H, ^ _ 

2H + CuSO<=«H,SO,h-Cu. ' 

(5) Gro-^hfs Cell [u. m.sp. = 1 -9 .Votts] [51 [ * '• 

contains a U-sli»ped zinc plate (- ''■) in an [5? - 
outer flat jar holding dilute^ sulphuric ^ 7=5 ‘ [• 

acid. Fig. 19 shows a battery of G cells in i ■ 3 js ^ 

series. H^.-ogon ions make their way in- Fig. 18. 

wards through a flat porous pot in which is placed a sheet of 
platinum ( + ") standing in strong nitric acilf as depolm-izer. 
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(6) Bllnsen’f Cell [e.w.p.=,1-9 Volts] is similar to Grove’s 
ex'cept'^hat a parbon plate is substituted for platibum as the 
+™ pole. 'Ite drawback ob'tlis’se colls ij>) and (6)»'is that they 
emit eroding and irritating nitrouS fumes {hrough the protess of » 
depolarization! 

Standard Cells. 

\7) Latimer Clark’s Standard Cell [km.f. = 1433 Volts at 
’^45° C.] is nevir used as a producer of ourrgnt, , 
but only in estimating the f, M.F^of another 
cell. It should never be used in closed circuft' 
except with a vSt-y high resistance or whem 
op|)Osed by an almost equal e-M.,”. [see 
Potentiometer, § 63]. The Clark’s Sbandard 
Coll,'Fig. 20, may easily be made by 
students in the Laboratory. 'The positive 
“plate” is a small quantity of teercurjr 
placed at the bottom of a boiling tube and 
connectsd to the pole by a 4 )latinum wire 
contained in a fused glass tube. A paste of 
smercurous sulphate is placed on the 
mercury and on this stands a saturated 
solution of line sulphate into which dips 
the negative element, an amalgamated rod of 
clnp. A cork holds the rods in position and the tube is sealed 
with paraffin wax or marine glue. 

(8) Weston’s Standard Cell, 'constructed on the same 
principle as Clark’s, is also usedg)n/y for comparison of E. M.p. in 
series with a very high external resistance. Ggdmium amalgam re¬ 
places the zinc r<^ (-''*) [Fig. 21]. A saturated solution of cadmium 
sulphate fills ,the uionnecting tube between the two limbs and 
enables electroiis to travel from the mercury (+'") at the bottom 
of the left-hemd limb. The International Conference’on Electrical 
Standards adopted tfiis under tl^p name “Weston Normal Cell” 



Mtneuav 
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Fig. 20. 




The Standard Cell 


its E. M.F. --1 ‘0813Volts at 20° whioli rises or il^lls 0 ‘OitOOiOG Volt 
per degree 4)elow or above 20^ 0. ” 





Baluiated \ 
Kolutionof 
cadmium < 
»sulphate 


iiry ^Oailinhiin 

iunali;atn A 

Fig. 21. West! a Normal Cell. 



Metal rase removed. 


(9) Secoadary Batteries, Stor¬ 
age Cells or Accumulators (Fig. 22) 

[e.m.p.= 2’2 Volts] (.see § 64) are now in 
general use for house installation.s, in 
laboratories*, on motor cars and in 
various manufacturing processes where 
a steady current of moderate voltage is 
required. They flje charged directly or 
indirectly from a dynalho. Current 
should only be taken from storage cells 
through a fairly high resistance; short- 
circuiting, i.e. joining the opposite ter¬ 
minals without arlequate resistance be¬ 
tween them, must be altoags (Amded; 

■ Small Storage Cells are supplied by Messrs 
Pye & Cj. of Cambridge. ^ . 

• Fig. 22. Small Storage Battery. 
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any rajpid reversaj of the cfiemioal action of charging the cells 
oa'uses a buckltig of tlje platee and* destroys the battery. 

Thq +** ji'ofs of an accuntulstor is usually paint«^i red. 

For description and reactions See § 64. 

Quest/ ops on Chapter II 

1. Describe an experiment to show the effect of preraure difference on 
the amount of liquid through b. horiicontal straight glass tube. 

Supposing a constaulfpresanre difference be maint/iined between the ends, 
what do you think will be the effect of ^ 

(a) doubling the cross-section area df tlie tube, 

(b) doubling the length of the tube, ^ 

* (c) halving both the cross-section area and the length of the tube ? 

*2. Wliat constitutes a simple voltaic cell ? Describe and account for the 
chemical and other changes (if any) wbicli occur 
‘ (a) before, (b) ader, joining the plates "by a wire. 

3. What is meant by (a) local action, (b) polarization ? Describe fully 
the steps you would take to eliminate their effects. 

4. What is dieant by the e.m f. of a cell? Is there any difference between 
the B.M.F. of a cell and the potenisal difference between the 4 )Iates? In what 
units is the e.m.f. usually measured and from wlienco is the energy derived 
to m^ntain its value wjjjen the current is flowing? 

5. pcscribc the Leclanche cell, with sketch, and show what method is 
used to overcome the effects polarization within the ceil. 

6 With reference to a Daniell’s cell state 

(i) the part played by the cdpper sulphate, 

fti) the source from which its electrical energy is derived. 

7. State Ohm’s Law. In what units are current, pressure difference and 
resistance i^.sually measured ? 

A voltiiio cell of e.u.f. 1*5 volts is passed through an external resistance 
of 1 ohm. If the resistance of the cell is half an ohm, what is the current 
Jessing through the circuit? 

8. The current from a battery of e.u.f. 2 volts and of ^ ohm resistance 
is sent *througlv a cdil of wire of resistauce of ohms. What is the p.d. 
between its poles'? If the resistance of the coil is 40 ohms, what effect will 
this have on the p.d. between the plates of the cell? 



CH’aPTER III 

• 

magnetism 

20. Historical. The fact tba| an ore rich one of the 
oxides of iron, called magnetite from its occurf*ico in large 
quantities in tW Roman province of ^dagnesia, attracts pieces of 
iron, was knownio the ancient Greeks and is mentioned by Huaoer 
(b.c. 1000 c.) and Aristotle. Magnetite is deunribed by Lucretms 
(b.c. 60 c.) who remarked that a chain of smafl pieces of the metal, 
iron, stick !..gether when in contact with the mineral [magnetic 
induction, 23]. ^ 

That this stone suspoiide.l in air .sets in a definite direction — 
approxfhiately with its main axis North and South—apf)ears*to 
have b?!^n first noted in Europe aboqj, 1200 A.i>. although the 
Chinese are cre.iited with a much earlier knowledge of the fact. 
Consequently this stone was called a leading or lodestone ; and 
mariners used it for directing their course in n.ivigaJtioi» Later 
it was noticed that needles of siaelt hardened iron containing 
about 1 carBon, after being rubbeS in one direction along the 
lodestone, retailed not only this property of setting in the N. and 
S. direction, but also the power of atlracUng iron w^ich we'call 
Magnetism. The Mariner's Compass was the outcome of*these 
discoveries. 

In the 16th century Robert Normati (LbSl) first observed that 
if the magncti/,ed needle were balanced at its centre of gravity, 
the nortb-seekifl^ end or pole tended to dip or incline down¬ 
wards. About 1600 Williata Gilbert suggested that thi* dipping 
was due to the fact that the Earth itself is a magnetized sphere 
[§ 26], the theory being confirmed later by observations of the 
angle of dip at various latitndea 

In 1634 if was found that the compass needle at/i p.irtfoular 
place did not point in the same gdbgraphical direotiSn as had been 
observed some^ears earlier [§ 21]. Furthermore, from combined 
magnetic and astronomical measurements tlhis Tariation or 

B. E. 
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declinfition of thc magnetic^N. aad S. line from the true or geo¬ 
graphical N. affid S. lire was also fdund to change as longitude 
of the.poiiut of observation ^ras changed—a fact of the utmost 
importance to seamen [§ 20], 


Bx]^. (i). Suspend liorizontally (a) a horse-shoe magnet, and (6) a bai 
magnet by means of a paper stirrup and pin fastened by f ne thread to two 



Fig. 2^ (a). Fig. 23 {b). 


wooden stands placed some distance 
apart (Fig.23a). Note that they set in 
the N. and S. direction, Le. in the plane 
of the WagneticMaridlan for the place. 
Mark the N-seeking end or ZTorthPole 
with gummed paper. . 

(if Bemove the magnets entirely, 
(luui a piece of paper at one end of two 
iinmagnetized piecett of ihicAish wire 
(a) of soft iron, (6) of steel knitting 
needle). Using two wooden stands, 
suspend each in a stirrup as in Fig. 23 (b). 
Notice that (1) they set ia no definite 
direction and (2) there is no attraction 
or repulsion between the two wires. 


(iii) Taking hold of the papered ends of the two wireftMaid side by side, 
draw the bar magnet several times in one direction alone them so that the 
unp^.pered ends of t^e wires last touch the papered (N) end of the bar 
magn,«t (Fig.'04), 



Now susp^id separately the two wires. Observe that (1) the soft iron 
(a) sets in no definite direction, (6) is attracted at both ends by either pole 
of the bar or horse-shoe magnet; in short, the soft irm does not remain 
magnetized. 
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(2) the Bteel wire Rets in the N. and S. ckirection the^apered end being the 
N'Seeking on bringing rfbar th^ N-eeeking end (^-pole) df the iSar 

magnet, we ob^rve that the N-pole re^olB*a N-fole; we alsg^iid that two 
8 -polcR repel each ciher, ^ut that N- and S-poles attract each othciP. 

Tlie first Law of Magnetic {Torce. • 

“ Like poles repel—unlike attract ” [cf. § 6 {4)]. 

(iv) Coniinn ti®8 statement uslfiK snspeSded bar and horse-shoe magnets. 

(v) Sliow by using a suspended maj^net and two pieces of steel, the^ne 
magnetized and the other unmagneyzed, that “ rejmUion between the ^teel 
and the suspended niagi^et is the ouh/ tcH of ntapietization.'^ 

21. TUe Compass Needle. 

Examine a small pocket compass (Fig. 25).,The magnejic 
needle doe.s not set itself in the true N. and S. line, as found from 
the position of the sun at mid day. The magnetic * 

meridian in England is for the present «,t an angle 
of 15° (approx.') West of the geographical meridian. 

[Angle of Magnetic 'Variation or Declina¬ 
tion.] A small arrow head on the compass dial « 
marks the direction which must coini^de with that 
of the N-pole the magnet needle in order that the four cardinal 
points N., E., S. and W. of the dial may (garespond with^the 
respective geographical directions. 

A more sensitive instrument (Fig. 

26) consi.sting of a short magnetized 
rod poised on a fine point hy means of' 
an agate bearing and furnished with 
a long aluminium* pointer at right 
angles to the magnet is used in ex¬ 
periments to be described later ^see 
Magnetometer, ij 33 apd Galvanometer, g 45]. • 

A Mariner’s Compass is a modification of the single com¬ 
pass needle. Several small magnets are attached*to acircular disc 
in such a position that (1) it balances at its centre, (2) the com¬ 
bined effect of *the magnets is the same as that of a single magnet 
suspend^ at the centre of the disa A card marked with degrees 



Fig. 26.* 



• • 

Fig. 25. 
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and the points of (the compatis (fig. 2i) is fixed on the disc so that 
the N. and S. fine set? ill th« magnetic meridian. The disc can 
rotate/■with*'the minimum‘of'friction round its <yjntre of agate 
supported on a point of non-corroiiible metal (indium). The glass 



Fig. 27. 


cover of t^e compass box has a line (the lubber's line), drawn 
diagonally over the centre of the rotating card and parallel to the 
ship’s keel, by which bearings may be taken with the magnetic 
meridian. 

9S. Sxp. To find tbe magnetic aacia of an Irregularly tliaped 
magnet or a eemMnation of magnets. * 

The frllowing experiment exemplifies i\i^ principle of the Mariner's Com¬ 
pass and also the method of determining the position of the K. and S. line. 

A cylindrical cork, through whi<U two magnetized knitting needles have 
been fixed in parallel position IJS, NjSj (Fig. with their like poles ad- 
iacent, is suspended by a fine thread attached to a wire HHj pushed along 
the axis of tho cori;. The combination of magnets so formed is bung from 
a wooden stand over a block covered with paper except over a large hole at 
the centre of the block. The suspension is adjusted so that the magnets are 
just clear of the paper (1) The points ABCD corresponding to US, aiM 
marked on the paper when bhe magnet combination has come to rest after 
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Hwinging freely, (’i) Taking cai% not^to alte; the positio^ of supjfort or paper, 
reverse the suspension by hangingtthe combination from hook If, ,isnarknig 



off the points A, B, C, D, as before. (3) Bentove the paper and transfer the 
trace of the magnets for positions <1) and (2) (Fig. 29) by pricking through 
the points t% another piece of paper. 



Fig. 29. • 

• 

Complete the pl^ of the combination as shown in Fig. 29 and dot in the 
mean position by joiung the goints MMiy which gives the magnetic axla, 
i.e. the line in the magnetic combination which coincides with tise direction 
of the controlling magnetic force when the combination is allowed to swing 
freely to and fro and then come to resf 

Praetleal BxerdM.* Find the magnetic axis of a magnetized steel £bo, 
pierced at its centre for suspension purposes. 

• • 

An Astatic Combinatloa. 

Exp. Magnetize two knitting needles equally by holding 
them side by side and then strojce tham in*one direction along 
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their length witli,one pole (pf a jitroAg magnet. A rututml or 
isiatic \ombiii^,ion is ohtainoj by Veversing the posiiion of one 

of the needleB ao that unlike 
poles art adjacent. The sus¬ 
pension may l)e either as in 
Fig. 28 or with the needles in 
tffe same vertical plane, Fig. 
30, the hitter arrangement being 
obtained by supporting the com¬ 
bination irf a suitable stirrup. 

■ A perfect astatic combine-. 
tio_p sets itself jn no definite jiosition [pf. § 24, Exp. i (c)]. 



'23. "Induced Magnetism. 

^ Exp. i. Place a long piece of thick soft iron wire AliV on the 
bench in the E. and W. position and bring a small compass needle 
in the position shown in Pig. 31a. Attraction takes plar^e between 



either end of the compass needle and the soft, iron. Next bring 
the N-pol? of a permanent magnet nea{‘ the end 0 of the soft iron 
wire and tap the wire with a pencil. Repulsion of the N-pole of 
the, compass needle occurs showing that ^he wire has become 
magnetized and that A is a N-pole. Reverse the permanent 
magne'i. and phow that A now becomes a S-pole. Remove the 
permanent magnet and hammer'the wire briskly once or twice; 
it will be found that the latter has lost its magnetism and will 
be attracted bv eithfer polfi of the compass. 
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Exp. ii. Having cut #he yirc iji two at plactf the ends 
in contact .(Fig. 31 b) and topeaf the experiment. 

(yut the wire into shorter lengths ^nd place them en^ * 
to end^and try wActhef a “ like ” pole is induced” ^ 

at the end of the wire remote froi’f the pcraian^Jnt 
magnet. * • 

Exp. ill. Try \^ethor a “ chaift ” of soft iron nails or tacks 
(Fig. 32) is magueUzed by being toucdied at one end by a per¬ 
manent magnet. * ^ 

Exp. W. Place thc%permanent magnet on tlje%ench and 
over it lay a sheet of white palter. Sprinkle iron filings evenly 
cwr the (paper and tap one corner gently with the pencil, the 
filings arrange themselves in ehams along definite lines (Fig.^83). 

It may be assumed from the lesults of Exps. ii and iii that each 
]»nrticle ?lf iron lias become a magnet and has fitted itself to 
its neighBbur so that unlike poles are in contact. 

This conversion of an unmagnetizeS piece of iron Fig. 32.» 
to a magnet by the presence of a permanent magnet is called 
magnetic induction [cf. § 6]. The term will be extenjjed later 



Fig. 33. 


to include the e6fect of any imignetizing force eii a magnetic 
substance. Nickd and cobalt, though to only a slight extent com¬ 
pared wUh iron, also show magnetic properties. 
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FraetieiX Bxer^ae. 

Usiil)^ a Bmall compaflB, a long ,knittihg needle (steel) and a bar magnet, 
show that, by induction, the feebly nj^gnetized needle may ha^e its magnetism 
(1) strefigtheued, (2) weakened, (3) neutralizednand d/en (4) reversed by 
bringing Aear tl^e permanent magnet. Carefully draw the positions to scale 
and note the effects (ef. Fig. 31 a). 

24. Iiines of Force And mapping a Magnetic Field 

[horizontal plane only] by means of Iron filings. 

,Ezp.i. Usingtrjo short bar magnets,prepare “filingmaps” 
of the following positions ; 

{a) the bars “ end on,” the N-J)ole of one about 2 inches from' 
the S-pole of the second (Fig. 34), i.e. ^.wo unlike pulea adjacent; 



Fig. 84. 


(6) ditto, but two like poles adjacent (Fig. 35); 

(c) the two bar magnets parallel, unlike poles about IJ inches apart 


(d) ditto, but Uke poles opposite ea^ other 
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Note. The “filing maps" nfay b<t made^(l) on photographic paper (p.o.p.) 
which after ^posure to suitable light be developed or fitted in /he nsdal 
way; or (2) on partridge paper soaked in ^iraffili wax; t^e pesition of the 
filing-chains may bttfixod )^y gently warming the wax by passing the^Bunsen- 
flame 9ver it. ' 



Fig. :«.* 

fizp. U. Placing the bar magnets on a piece of paper on the bench in 
exactly the same positions as in Exp. i, find the dirfetion in which ai^mali 
^compass needle (Fig. 25) sets when it is placed in various p<viitionB^on the 
paper and compare the directions with those o^ the “filing maps" by mark¬ 
ing a line between N- and S-poles of the compass needle on the paper. 

Exp. ill. Mapping^a horizontal Magnetic Field by 
means of a Co^ppass needle. (Fig. 36.) 

(a) Remove alf pieces iron and all magnets except one bar 
magnet. Place this in the centre of an imperial sheet of ^sartridge 
paper on the bench, with the N-pde of the bar magnet' pointing 
N. in the magnetic me*idia,n. Place the compass on the paper near 
the N-pole of. the bar magnet. Mark with a pencil on the^paper 
the position in which the small i^eedle sets. FoHoiy^lie direction 
of its N-pole and obtain a series of positions as shown by the 
chain of small circles in Fig. 36. Join the supcessive positions by 
a line bearing an arrow mark which Indicates the direction in 
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which a sfncUl nc^th pole lieiids ,to Aiove under tiie combined 
influence of thp magnetic forqes the bar magnet, (6) of the 
Earth. ^ from the oth^r stations round thr magnet and 

thus obtain a series of lines which map the mdgnetlc fifld of 
force in horizontal pl^ne. These lines are called lines Ot 
force. 

Obierratloni. (1) The direction of the Earth’s magnetic field is indicated 
by & small pointer at the top of the ipap. ' 

|2) The Earth’s mai^ietic force is s^engthoned by that of the magnet at. 
the top and bottom of the map. / 

(3) These two forces exactly neutralize each other at points P and P 
[neutral'poinu). •• 

,(4) The lines/)! the Earth’s magnetic Corce bend inwards towards the 
magnet on the right and left of the map. 

'fixp. iv. Hepcat (lii), reversing the position of the bar mognet^’ig. 37). 
Kote the position of the neutr^.! points P, P. . 

Bzp. T. Map the lines of force when the magnet is placed in the E. and 
W. position. 




Fig. 37. 
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25. To find the true difect^n of th^ liner of force 
in a magnetic field. 

In the last experiments it is iifceesarj^ to bear ij^'mind that 
we hajfe been ma'{>pin^the direction of the liorizont^ compomnt 
of the magnetic force. The true direction of the resultant magnetic 
force would be^found by suspending the compass *ribedle at its 
centre of gravity on a universal b<«ring, such as is described 
below. * » 

Exp. Au unmagnetized knitting yeodlc is pushed^hrough the centre of a 
small cork which is itsi^K supported at the middle*by two pins which rest 
loosely in azinc stirrup (Fig. 3K)! The needle s 
is^irst adjusted in the cork so that it balances 
in any position, i.e. at its c.o. iThc needle, 
with stirrup attached, is then carefully placed 
with its ^nds resting in two grooved blocks 
BO that It may be magnetized without dis¬ 
turbing the adjustment of tiie stirrup. After 
magnetization the apparatus is hung by a 
fine thread from a wooden stand and al¬ 
lowed to come to rest in mid-air. The needle 
sets itself, under the influence of the Kartfi'^ 
magnetic force, 4u the magnetic moridiaif 
with its N-pole dmpiug down towards the 
N. at an angle of flV (approx.) with the hori¬ 
zontal. This angle is called the angle of dip 
or inelt&atlon. The position of the needle , 
indicates the direction of the lines of force of the Earth’s magnetic field 
at the point of observation. ^ 

26. The Earth a magnet. 

The Earth beHi^ves as if it were a huge magnet: its magnetic 
“north” pole i.s in the peninsula of Boothia Felix (Britiah North 
America), its “south ” pole is with^ the Antarctic circle.* A model 
(Fig. 39) may be madj by supporting a strongly magnetized stpel 
bar within a hollow wooden sphere, at a position corresponding 
with the Eai'tL’s magnetic axis. Holes must be bered^n the Sphere 
at points magnetic N- and S-poles, whfch are respec¬ 

tively 17" from the Geographic N-pole and 18" from the Geographic 
S-pole, tj^e latter being measurecj on a«circlb of longitude 110" 
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(approx.) W. of t^e circle oS lon^tude passing through the Geo- 
gfaphid and Magnetic^N-pole«. 



•Between these holes the magnetized rod must be fixed with its 
S-pole towards the Geographic N. If now small magnetized 
sewing nsedle, suspended by a silk fifire attached to its c.o. by 
soft wax,"is moved from the N. i^-agnetic pole towards the South, it 
will set itself at angles which indicate the direction of the Earth’s 
magnetic force at various latitudes. [See the suspended arrows. 
Fig. 39.] It.is possible in a large model to show alterations in 
(o) the angle of dip or incltnadon, (b) the angle of variation 
or declinatum with the Geographic meridian. [See also Figs. 40a 
and b.] 




Fig. 40 (i). Lines of equal dip (iscolinice). 
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It wilf be Beeei that the angle of dip varies from 90' at the 
magnetic poleJto 0' at^the magnetic Kquator. 

By,moving the needle (Approximately along lints of latitude) 
so that .the dip reniahis ctmstaut we are'tracing isoclinal lines. 
Lines along which the vacation i.s constjjnt are called isogonal 
lines (of equal declination). The isoclinal along which the dip = 0“ 
is called the magnetic Equafbr. 

Bxp. Use the small exploring needle described above for finding the true 
direction of the resullaf^- magnetic fore* in the neighbourhood of one or more 
magnets placed in various positions, 

27. The Sip Circle. 

, Is an instrument used for measuring the magnetic dip, a simple 
form of, which is shown in Fig. 41. The method of usipg is as 
follows; the dip-circle is first placed with its plane in the E. and 



Fig. 41. 

W. position—the N-pole then points vertically downwards. The 
instrument is next rotated on its base through an angle of 90'; 
the plane is now in the matgnetip meridian and its horizontal &xis 
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points E. and W., the n&dla is therefore f^ee to take up the 
position of inaximum dip which may be rgad off. ..There are how¬ 
ever several teurces of error. 


Source of Error 

(1) The line joining the 
two points of support may not 
pass through the cftitre of the 
circle. 

{2) The zero-line nmy not 
be level. 

• • 

(‘1) The magnetic axismay 
not lie the line joining the 
two needle pointti. 

(4) The line joining the 
two points of support may not 
pass through the Centre of 
Gravity. 


Correction 

^ Take the mean of the read¬ 
ings at eadn end of the needle. 

Turn the whole instrument 
* on its base through 180° and 
repeat the two readings above 
0 ( 1 ). 

Rotate the needle on its 
bearings and repeat(l)and (2). 

Remagnetize the needle so 
that the poles are reversed and 
repeat the aboveeight rffadings. 


No. of 
Readings 


28. Changes in the angles of Dip and Variation 
(Decllnationf. 

The directions of the lines of force in the Earth’s riiagnetie field 
are subject to (1) daily, (2) annual arfil (3) prolonged "periodic 
changes, and the intensity of the for 9 e also varies. Sudden and 
violent disturbances are ^nown as magnetic storms which seenr. to 
be closely connected with the appearance of sun-spots. 

By far the most im^rtant change is that of Variation 
(declination) which may be accoi^ted for by the theory* that the 
magnetic N. pole mojes in a circle of about 20° radius (gyrates) 
round the Geographic N-pole once in about 1000 years. In the 
year 1680 the compass at London pointed about 11° E-; by WfiO it 
pointed due North and in ISfO the variation had reached a 
maximum of 24° W. This westerly declination is now decreasing 
being at.present about 15° W. 
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29. Measufement of BIa.srne'dc Force. 

A glance ajb the maps of ioiagrietic fields round bar magnets 
shows that Jhe exact position pf the pole is rather kidefinite. For 
investigating the laws of force between two magnetic poles it is 
usual to employ a magnetiV,ed steel nxl ending in soft iron balls 



Pig. 42. 


(Uobison’s magnet, fig. 42). Afiling map or an exploring compass 
reveals the fact that the poles of such a magn< t are “ concentrated ” 
at the centres of the spheres. [Try this.] Good results are however 
obtained by u-sing long knitting noodles and assuming that the 
pdies are situated about j\ the length of the needle from each end. 

. Asstiming that magnetic force radiates out from a cdhtre we 
should expect the “inverse square law” to hold good'. Let us try 
Sxp. To show tbat the force between two magnetic poles varies 
inversely as the square of the distance between them. ^ 

A magnetized knitting needle or a Bobiaon’s magnet Avt is supported 
vertically in on!) pan of an ac 08 r|te balance and counterpoised. Another 
magnet Bn is clamped in the pasUion shown in Fig. 4^ like poles being 
placed adjacent. 

bQ--O" 
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Weights are then added to the left pan fb restore eqfliilibrinm 
• ssW grams = Force oft Wg dyr$B sa F. 

The distanced between the balls A add ft is next accurately meaanred by 
inserting a paper wedge vftiose base is divided into 10 equal divisions and 
whose height (h) is accurately measured ar.^ male slightly 
greatest distance to be medfeured between A and />. If the weJgS tirst touches 
each ball at the po^t 4’7 (say) the# Find the radius of each ball 

by the screw gauge = rj and r^, then total distance D between the poles ^ 
=d + r^ + u=sD. 

On varying the distance (d) and tiAding the weigl^ {ic) required to restore 
equilibrium it will be foftnd that 



Actual ObMrvaUonB taben * 


Total Di..tance butwcen 
Poles D 

1 Weight required (Hf) to 

1 restore equilibrium 

•If 

then 

_ _ 

1 cm. 

1 

0’280 pram 

•28^*I=^28 

2 cms. 

0 070 » • 

•07 X 4 =-28 

3 oms. 

0-030 „ • 

•03 X 9^-27 

4 cms. 

• 

0017 „ 

•017x16=-27 


HlbbCKTt’s Magnetic Balance. 

That the law of inverse squares applies to magngtic forces mayalsolip proved 
by the use of Hibbert’s Balance (Fig. 44) in which a delicately balanced 
Bobison’s magnet is brought under the infiuvice of a second magnet. The 
distance is measured on the upi?ght scale to which the second magnet is 6xed, 
and the force is mea^red by moving a rider of known weight along either 
arm to distances from the fulurqfi marked on a fixed horizontal so^e. 

30. Unit of Magnetic Foi^^e. 

It two like poles of ^qual strength, placed one centimetre apart, 
repel each other with a force oj one dyne^ each ia said to be a unit 
magnet pole* or to possess unit pole strengtli. ^ • 

Thus a K-pole of m units repels a unit N-poIe at 1 cm. distance 
with a force of m dynes and a N-pole of m u^its repels a N-pole 
o! nil units with a force of mmj dyn^ 

B. E. 
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If the distaase apart uf the poles is d cms., then the force 

. . ,, wrr, , 

repul8i6n = /' = ayi^es,. 

This equation may be stated as the S%cond Law of Mag- 
tic Force: 



Fig. 44, 

' t it wt.’e possible to isolate two inagiietic poles and concentrate 
them at two points, then the force between them would be 

proportional to the product of their pole strengths ane; 
inversely proportional to the square of the distance 

between them. 

31.' Intensity of a Magnetic Field. 

Having considered the fo ce which one magnet pole exerh 
u]K>n another, we proeMjejd to find a method of measuring tb< 
intensity of a field of force such as the Earth’s magnetic field 
This is obtained by measuring the force exerted on a Unl1 
magnetic pole placed in the field. A field is said to have Unf 
intensity if the force exerted on a unit N-pole is on< 
dyne. 
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Intensity of the Earth’l Fi^d (/). 

Let uf finagine that it is possible isoSite 
a unit N pole U.t Thi^ unit is pufled with a 
force 8f 1 dynes in the magnetic mendian in 
the direction of the angle of dip (S), i.e. in 
England towards the North at an angje of 67° 
with the horizonJial (Pig. 45). 

Let UA represent, in magnitude and di* 
rection, this force of^Z dynes. * * 

By completing the rcctangje ABUC, we 
flUtain the horizontal component UB = 11 
dynos and the vertical component UC — V ^ 
dynes. • Pig. Jj. • 

Then, sinci f7siii8, r=/sinS, 

and UB= // = /cos8. 

V 

i tan 8, 

also I 

From the above equations we may find the values of V and 1 
if the values of b and 8 are known. * *• • 

8, the angle of dip, varies according to locality and is ftiund 
by observation = 67° approximately at London. 

H is found to be approximately 0»185 dyne at London [see 
§ 37], hence 

V = the vertica^oomponent at London = ‘433 dyne, 

I = total force or Intensity of Earth’s field = '472 dyn?. 

* 

32. The magnetic momentof amagnet [denoted byilf^. 

Let a mag;>etized needle of pole strength m units come to, rest 
in the position NS under the infl|jence of a field 8f y,hit intensity 
whose direction is indicated by the arrow at the left-hand comer 
of Fig. 46. , 

Let the distance between the peles = I cms. 
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Let the magifet be deflected 'tjirough an angle 6 and let its 
new position be 

DAw through i\^, parallel toiVlSand let fall a perpendicular 

Irom Si on to I^iP. 

Then the needle is acted 
upon by twp equal but oppo¬ 
site parallel forces, at the 
points each equal to ra 
dynes, which constitute a 
6ouplo whose moment or tor¬ 
que = m. SiP tending to twist 
' the needle back to the position 
ffS. 

The arm (SiP) of the 
couple depends on the value 
of 0, since 5,P = i8in d; and 
the moment or (drque 
= m.lam$. 

The couple reaches its 
maximaqi when 6 = 90° 
[position fVjiSj], its moment 
J'iS' then = nU denoted by M. 

This maximum moment or torque (ml) of the couple is 
called the magnetic moment of the magnet (M). 


33.' Equilibrium of a magne? suspended in the Earth’a 
field (fi) and defiected by »> force of intenaity {F) at right 

angles to the direction of U. 








r oc tan e» 


06 

The Ke^aetometer. 

To show that in a constant'fleld •eflecttng.Force Is 
proportional tq the Tangent t>f Angle of Deffectlbn. 

j* * . 

[Use the brass compass box (Figs.#26 and 47), \^ith its centre 
resting on the 50 cm* mark of a metre ruler placed in the E. 
and W. position*] 

Let Fig. 46 represent the small compass needle NS of the magnito* 
meter (1) at rest in the magnetic meridian, each poljK being of strength 
units, and the distance l^tween the poles N and S be1ug=Zcms. Then since 


It* H 



F4|. 48. dssdistanoe'between^-pole of deflecting magnet and th| axis A 
of the needle. 

# * 

2 [shorizontal component the Earth’s field, each end of the needle will |je 

pulled by a force of dynes in opposite directions. 

(2) Next, let d S pole of a long bar magnet approach frcgn tl^ B-direCtion, 
and remain at a distance (d) great compared with the length il) of the needle 
producing a field of force of Intensity 1 * at 4, i.e. F units of force on unit 
pole at the centre of the needle. The needle is deflect^ through an aagle 0 
to the position NySf and comes to rest yhen^the deflecting forces mF, thF 
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due to S wHlcb have^ clockwise |.orque,balance the restoring forces iwH, mH 
w^ich possess a counter-clockwise torque. Since the deflecting magnet pole 
S is at a cossideraklc distCtoce, m/' and mF are assumed to be parallel and 
equal but opjlisite forces, acting at’i'ight angles to the t'f/o equal but opposite 
forces mA', mH. These two sets of equal but ojjposite parallel forsas con¬ 
stitute two balancing couples wh^se torques maybe found as follows. Continue 
the direction* of viH backwards through Ni to f and the direction of mF 
backwards through <S'i to P. Tl^^n < » 

< N^P is the arm of the couple mF, mF and mF. NiH is its torque 
and „■ „ viH,mH „ mll.SiP 

mF.NjP~vtII.SiP ioi equililorium. 


= tan iS'i^P=tan 0, 


, ^'Intensity of Deflecting Force (F , 

r. =——7“ ,,, u --T 71 - - ^ tangent of z of deflection. 

IntensityoflLarth sHorizontalCompouent [H) 

This equation expressed in words gives us the Law of Tangents. 



^g. 49. 
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34. The Law of Tsftigctfits. • 

If a cov/tpcb8B needl<i is deflectediyy a rrmyrniicforc^ acting at 
right angtes To magnetic meridHah, the ratio of 0ie irsiemity 
»/ the fteflecti mj field of Jorce to intensity of the /ton^oijitrt^ coJnponent 
cf the Earth's field is equal to the tangent of the angle^e^ defiection. 

Since U is cijnstant for a #(ivon place, the intensity of the field 
cf the deflecting fpree is proportional to the tangent of the angl^c^of 
deflection. 

• • 

Bzp. ZUostrate th^tange&t law as follows. A string AKPW (Fig. 49), 

to a nail A driven into a hoard, {Masses over a pulley P (attached to the 
board) and suspends a weight pa^ TF. At K a second pii-ce of string KII, at¬ 
tached to the first by a waxedi t-lip-knot, supports a coastaift weight li whfbh 
oorresponds to the Earth’s horizontal component. Vary the deflecting i'^ce 
F by adding weights to W and at the same time moveihe slip-knot along the 
string so that the direction of F is horizontal; i.e. at right angles to KJi^ 
Enter your results thus: 


Deflecting Force 
{F) = WtR added 
+ Wt of Pan (12’ 
grams) 

Constant Force 
’ H = say 100 gms 

• 

An^letf f dc- 
1 flection=d 

ton 0 

• 

.* - 

^ = 1 
tan 0 

46 H2= 58 

100 

30" • 

•577 


73 + 12= 85 

100 , 

40« 

•839 


89 + 12=101 

• 100 i 

45° 

l-OOO 

™ =101-0 

108 + 12=120 

• 

100 ! 

50° 1 

» 1 

1-192 

,^=100-9 


The value of ^he tangent may be read oS a horizontal scale drawn (Fig. 49) 
from a point jS vertically below and l^units from EH)lainithi8. 


1 The wax on the slip-knot prevents the latter sloping along the string 
when KP is adjusted horizontally. 
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lIsttKlM. Fig. 50 illustrates^ a tor demonatratbiir tlie I»«.w of 

VMiBaiiU. The ends of the opposite pairs of strings are joined and support 
two separate,weij^nt pans iliider the^oard which is fixed horizontally. Explain 
the use ond «>ode of working the apparatus. 

06. To pro/e the Inverse \-qoare law by the magnetometer*. 

A long mrt/hetized knitting needle or, better stKl, a long Bobison’s magne: 
is placed in the position shown in Fig. 51, where the effeQt of one pole [N) ii 
to a large extent eliminated placing it vertically above the axis of tU 
neddle of the magnetometer, while the other pole (5) ili placed at varying 
distances (d), the correr-ponding angles* of deflection (0) with their tangente 
being tabulated. 



Fig. 50. 



I Invented by the Rev. W. Burtorf of Whitdft Grammar School. 
i The needle is at first adjusted in the magnetic meridian and the woodej 
scale in the E. end W, position. 

» The mean of the readings at eiids of the pointer is taken. 
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Sisoe the deflecting force, cc tan 6 


it is found 


i.e. ^ d2tands:cov8tadit(ft). # § 

• ’ * T.,r 

• • * 

36. To find the intensity of the defiecting field of 
force (P) when the influence of both poles (strength m) of the 
deflecting magnet and its length (1) are taken into account. * 

I. The magnet placed in (he end^on position. Place the 
magnetometer lengthways* in the E. and W, position (Fig. 62), 
the compass needle in the magnetic meridian and the aluminium 


W \~^ZZZZSt' 



^ Fig. 62. ^ 

pointer over 0“ of the circular dial. Place a*«Aorf rectangular oar 
magnet (Hi) of length 1 on the scale ^ith its axis E. and*W. 
[end-oii position], its centre being d cms. distant from the 
compass needle. Take th^ mean of iSie two-pointer readings to 
obtain the angle ^ deflection (fl). Then 

distance of n frou| magnetometer needle = d— \l, 

,, 8 ,, ji ~d + ^t. 

If we consider the force of^each pole (^strength ni) of the 
deflecting magnet on ft unit If-pole at Aj we obtain • 

• , • 

• force repelliugjj\xe to n = 

. ^ 
and force attractmg due to s = 
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and their difference = resultant foj-ce (<?) on unit N-pole repdling 
2 m ^ r 


2tnl 

Ip 


(^prox.) [if I is small compared with d], 


2M 

F = -^ (“end-on” position). 

Hence we can find {M) the magnetic moment or 
torque hf the rectangular magnet in terms of U, d 
and B. < * 


X) 


Since F=7Atanfl = ?^, 

« d'‘ 

. . M = |.d3.Htan0 


.( 1 ). 


' W” 

s 


II. The deflecting magnet placed in the broad¬ 
side position. Place the magnetometer lengthways 
in the magnetic meridian and the small deflecting 
Wgnet ns (poje strength m) in the E. and W. 
position (Fig. 53)f 

Then, if 1, d and 6 indicate as in I, it may be 
proved'chat ' 

ml M 


P = —= 


; ^ (broadside position), 


Fig. 63. hence 


= H tan 6, 


M = ds.Htanfl 


.( 2 ). 


*87. find tiie value of B. [A'‘vibration” experiment ] It may be 
proved that if the small deflectin^tmagnet is snepended and allowed to 
vibrate about its central geometric axis (Fig. 54), to and fro across the 
magnetic meridian, the time of vibration being T !ecs.. then 

[Of. t=2ir ^ j; for method see pendulum, Exp. 8c. Part I, § 12.] 

^ * Omit for first readine. 
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where K is the Moment of InerMa’ o{ the Magnet, hence 




.(3). 


# ’ • j » 

By combining relhlts of»Eqna*ion (3) with those of either (1) or,(2) above 
the value of H is obtained 2 . 



TO and the magnetic m*uent or torque (K) of tte bar nygnet. 

Insert the value of H obtained in to last erperunent in equation (1) or (2) 

1 Wote to Teacher, to facilitate correction of to note-books, it is b5n 
venient to use jimilar rectangular bar magnets. 

mass of magnet in grama [(| y-l-(W] . • 

K= —-•j ~ 

where f=horizontal length and b=horizontal breadth of 

® For Sher method of finding B see Tangent ftalvanometer, 5 45. 
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*38. To compare the In,teneitle8 of two magBetic 
fields H and H,. 

Assuminij that the experiment de^ribed in § 37 was perforxied in a part (A) • 
of the laboratory that was free from magn^ic fo];ce8 other than the Earth’s 
field, oariy the,vibrating magnet to another position (B) where tliere are 
known to be ^arge masses of iron, as for instance, heating apparatus, an iron 
fire place, iron gas pipes or steel gas cylinders. Find the new time of vibra¬ 
tion T] by averaging the time of<say) 50 complete vibrations. 


Then since 


and 


~ MH H' 


H’' 

or i^;i and ni are respectively the number of vibrations in a given time, then 

“ H ' 


Questions on Chapter III 

1. Two knitting needles, od^ of which is magnetizeil, are suspended 
separately by silk fibres. How would you proceed to discover which is the 
magnetized needle 7 ^ 

^...jCxplalt? the term *' magnetic induction.” How would you prove ex- 
perimentsdly that the attraction between a bar magnet and a piece of soft 
iron is due to magnetic induction ? 

8. The N-pole of a weak magnet is found to repel the N-pole of a small 
compass needle, but when the bar magnet is replaoedsby a similar one of 
stronger pole strength, the needle is found to i d attracted. Explain this. 

4. What is meant by the magneti^axis of a magnet? Describe fully how 
yon would find it in the case of a fiat irregular sheet plate. L. M. 1918. 

6. What is meant by‘‘variation”? How would you obtain the variation 
at a gixen position? A scout is ordered to march by oompaad ^rom Neuville 
Bt Vasst to Tbelps on a true bearing of 91° £. of N. If the variation is 13° 
on what magnetic bearing will he march? 


‘ * Omit (rtr firaf 
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6. An observer, uning a oompasf, sees % tower on A magnetfo bearing of 
57*^. If the variation is 18° wbat i^ll the»trae be^ing be ?« 

7. How woold yga make a simple mAgnttic dip circle if provided with a 

bar m%net, an unmagnetfted piece of sheet^teel, thread and any aooessories 
you need ? ^ * 

How would you use the instrument to find the magnetfb'^ip? Explain 
the («use of the dip and state whyaa compass needle does not dip. 

• O..L.J. im 

• 

8. What is meant by a magnetic field? Describg how the field due to a 
bar magnet placed at right angles to'the magnetic toeridian may be investi¬ 
gated, and give a sketch of tbo^esult to be expected. L. M. 1920. 

• 

* ** 9. What do you understand by “ lines of magnetic force ” ? 

Draw the lines of magnetic ftrce between two parallel bar magnets ahput 
half an^noh apart with {a) unlike poles adjacent, (6) like poles adjacent. 

(Neglect Earth’s field.) 

10. Given corks, a heep bowl of water, % strong bar. magnet, two long 
knitting needles, devise experiments to illustrate (a) the forces of attraction 
and repulsion between magnetic poles, (6) the lines of force between magnetic 
poles, 

11. Define unit magnetic pole, pol#s^ength, fi.eid intensity, magnetic 

moment. . * 

What foroe do^ a magnetic pole of strength 5 ex^ on a similarly charged 
pole of strength 10 placed at a distance of 7 cms. 

12. Two similar magnetic poles of strength 10 are plaoeS 4 
Determine the field intensity at a point (a) midday between the poles, (b) one 
cm. away from one of the poles on the line joining them. 

13. What is a couple? How is the moment of a couple determined? 
[§ 32,] What will b#the couple exerted on a compass needle of pole strength 
3 units, length 3 cms., when igia At right angles to a field of strength (a) 10, 
{b) unity? 

14. What is a “neutral point” anf show how its poMtion in*a magnetic 

field can be determined (ftperimentally ? • 

16. Show that the field intensity due to a small bar magnet at a point 
on its alia produced is e^ual to .^,#irhere M is its magnetic moment and d 
the distance of the centre of the magnet from the point. 

16. State and prove the Law of Tangents. ■ 
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17. Desfliibe an(^ explain a method of verifying the Inverse Square law 
fcir magnetic pol^s. L. M. 1918. . 

18. rVhahis meant by the s^tef-ients (a) that the s^yength of a magnetic 
pole is m units, (ft) that the st^ngth of a magfietio field is H unifc ? The 
distance between the poles of a bar magnet is 15 cms. and the strength of each 
pole is 100 uXits. Find the magnitude and direction of the field due to the 
ms^et at a point distant 15 cmj^. from each pole. 

**9. Describe the construction of a simple type of'magnetometer and 
explain fully how either (a) the magnetic moment of a bar magnet or (ft) the 
variation with distance bf the field due to a bar magnet at points on the'axis 
produced may be determined by its aid. L. k. 1918. 

20. Show bow you would magnetize two^ similar kuitting needles each by 
a different method and discover which is the stronger magnet. 

^1. A bar magnet vyitb its axis £. and W. deflects the compass needle of a 
magnetometer, placed on the \ine of its axis produced, through an angle of 
2^. Calculate the pole strength of the magnet from the following data: 
length of magnet 5 cms., distance of compass needle from centre of magnet 
20 cms., H ='18 c. o. s. units. * 

22. In an experiment with a Aiaijnetometer, the axes of two magnets were 
placed in line pointing £. and and the compass needle at a point on the 
line between them. When the centre of one magnet was ^2 cms. and that of 
tha,<ftcond 36 cms. awlly from the centre of the needle it was found to be 
nndeflected. Compare the moments of the two magnets. 

28. Describe carefully how you would proceed to determine the direction 
of the resultant force of the Faith’s magnetism at a given point. 

What do you mean by (a) the vertical, (ft) the horizontal component of 
the Earth’s field, and state how you would determine th|^r values in absolute 
measure ? 



CHAPTER^ IV 

THE MAGNEtlC EFFECTS OF THE ELECTRIC'CURRENT 
LEADING TO THE ME'aSUREM ENT OF CURRENT AND 
THE THEOftY OF MAGNETISM 


39. Electric i^ell. 

The simple magnetic effects of an electric current may be illus¬ 


trated by experiment with, the 
familiar electric bell. Fig. 55 
shows a plan of the bell which is 
connected by wire fipm its ter¬ 
minals, T",, T., to two I.ieclanehe 
Cellsinserigswith a “push” con¬ 
tact for completing the circuit. 
The conventional “ direction of 
the current ” *ls indicated by 
arrows. The current, entering 
at Ty, passes along a spring, 
attached to a soft iron keeper, K, 
to an adjustable screw C which 
together with the spring ^ornis 
the contact-breaker ; and 
thence by a wire*wound round 
two bobbins which forms a con¬ 
tinuous coil about a piece of iron 
bent twice at rightangjes. When 
the circuit is completed, through 
the terminal Yj, to the zinc rod 
[Z^ of the battery, the soft iron 



Fig. 55. £, Leolanohd Cells. P, Push. 
R, Bell. X)D, Spring. C, CSntaot- 
breaker. K, Keeper of Magnet. 


core becomes a magnet, an electro-magnet, and attracts the 
keeper K causing the attached hammer to sAike the bell. This 



64 Electritity and Magn^ism [ch. iv 

attraction breaks! the circuit beWeen the spring and screw of the 
contact-breaker so the^. the iren core returns to its original unmag- 
netized con^lition and the ^prkug flies back, strides Ihe screw and 
completes the circuit oncc^more; and sd the process is rapidly 
repeated. 

Bzp. 1. If a small compass^ needle ia-brought near each end of the soft 
iron core while the bell is ringing, it shows that (a) an electpo-magnet poBsesBes 
N- and S-poles corresponding to those of a permanent magnet; 

'4 

* (6) magnetization when the Current is brc^en; 

(c) the polarity is reversed when the direotion of the current at is 

reversed. '' 

*flzp. 8. Eza'hiine the direction of the current as you look into the face 
of ^ach pole, (a) When the current passes in a oloekwlM direction*a 
is facing you, ; 

(6) if eoimtor-eloekwtBa, a xr-pole is facing you, (Fig. 66.) 
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Bxp* 6t Confim the reletionshi)) bet^ii^eu polftTil^r end tUrfhottffii of 
eurrent by using either eleotro>ni&gnets ^ 
as illu-trated iu ifigs. 56 a, 6» c ; or simply 
by magnetizing a 8ti|.ight soft iron oore^ 
as in Fig. 56 d; or a U-shajfyed soft iron 
core by the method indicated in Fig. 57. 

Fractleat Bxeretaea. 1. Ma^e an 
electric Bazser, by replacing the keeper 
and hammer with a*sliort steel spring. 

2. Alter the adjustments of the con¬ 
tact-breaker in order |p concert the 
trembler electric bell into a i^gle atrqjl&e 

g^, 

40. ^The Solenoid and Magnetic Shelia, * ^ * 

Bxp. 1. Wrap a continuous coil of wire in one direction only, roun^ a 
hollow cardboard cylinder, and suspend the l^^tei from an adjustable beagi 




Pig.68. uf^.Cai^board Cylinder. CC, Removable soft iron/ore^ .9, SoJaioid. 
MM, Porcelain oups of meiouiiy. ££, Phosphor bropze suspension. 
B, Battery. I>, Commutator. 


by a wire of phosphor bronze E as shown in Fig. 68. The ends of the ooihwire 
dip into two onpb of mercury placed verticall^below the point of suspension. 
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Current from a batfisry or from^he limiting main supply^ is passed through 
a commutator 52] to the coil way of the mercury cups. Such a coil is 
known as t, solenoid. When t).e current is passed the eoU sets itself In tlie 
ir. and 8. direction. Show that it poBsesses polarity by means of a magnet 
or comi^asB needle; (2) the poHrity is reversed bn changing the direction of 
the current*, (3) the magnetic effect is increased on placing a solid core or a 
bundle of wires of soft iron or steel inside the cardboard cylinder. 

Bsqp. a. Test the wires, on removal,''for permanent^magnetization—the 
stiel becomes permanently magnetized, the soft iron only temporarily while 
inside the solenoid through which current is actually passing. 

Bsa». 8. Bo la bSto's Floating Battwcy. A voltaic cell is made by 
flouting the zinc and copper plates attached to a 
large cork in a bowl of dilute sulphuric acid (Fig*!?0). 
The wire conveyi .g the current is coiled closely so 
as to form a circle the plane of which is found to 
possess the magnetic properties of a thin plate or 
magnetic shell, as it is called, having N- and S-pole 
faces. Test this with (1) a permanent bar magnet, 
and also (2) a small compass needle; and try to 
imagine the directions of the linec of force with 
regard to this shell. By remembering the direction 
of the lilies of force about a bar magnet (§ 24), it will 
Fig. 59. Jt Dilute 8nl> found that the floating cotf -sends to set itself so 
phurio acid. Cork, as to include the greatest number of lines of magnetic 
• Magnetic shell.' force of an external magnetic field. 

Deductions and Recapitulation. 

Frbm these experiments we conclude that; 

(1) a current<bearing> circuit produces a magnetic field of the 
kind that would he formed if the plane enclosed by the circuit 
were a thin magnetized plate or shell: 

(2) ^‘a solenoid is a series of such magnetic shells having the 

same central axis: ^ 

I (3) these electro-magnetic coils tend (fo set themselves so as 
to include a maximum number of lines of magnetic force of an 
external magnetic field: 

(4) iron is more permeable to these lines than air is [§ 49]: 

(5) steel may be magnetized permanently if it is placed in a 
magnetic field produced by a current of electricity. 

^ S«e Note on Oauttea next ^e. 
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41. Lines of Force of axf electro-magnetfc field 
Itxp. 1. Make a filing-map of the of fo^pe of th4 maifnetio field 
caused by passidl an elec^ic current throijjgbV circular coil of iq^ulatad wire, 
Fig. 60. ^Tbe plane oi^he m%p is horizontal aad contains the axis of^be coil. 
Good results are obtained by passing a client of one oiP two amperes, 
preferably from th^maiii supply \ through a coil of 20 or 30 ttiAs of No. 22 





^ Fig. 60. 

wire with a lamp resistance in the circuit. It is observed that the lines 
of force are * ‘ 

(а) uniform at the centre .f the coil where their direction is at right angles, 
to its plane; 

(б) approximately circular and continuous where the <)pil itself paeses 

through the paper, • ’ 

' Oantien. In using the lighting main supply for experimental purposes 
place a lamp reiUtance [sep Appendix I] in the circuit, together with a 
precaution fate, and utnt teneli tin nppaattiu whm tlw stumnt U 
nsttaliea on. * 
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Fig. 61. Lines of mag¬ 
netic force about a cur¬ 
rent-bearing ^ire. 
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Bxp 9. This Idtter observation (b) suggests the presence of a magnetic 
jield jp/ force round any conductor carrying a 
cui^‘ent of electricity. ^ 

k iurrent of a feW ai^pbres from the main 
sij^^ply (Caution) ik sent through a lamp resist¬ 
ance in circuit with a vertical wire which passes 
through a horizontafly placed card sprinkled with 
iro^ tilings.* (Fig. 61.) Immediately the ourreni 
is switched on the presencft of a magnetio field 
around the wire is revealed by the filing-cbaint 
following the lines of force which are circles whose 
centres are in (the wiif. and whose planes are a1 
right angles to it. 

Exp. 3. jrhere yet remains to find th< 
direction of the lines of force by means Of t 
rail c^ipass needle, having regard to the direction of the currentt 
Bemember that the positive direction of a magnetic line of force is that 
ft which a N-magnetic polo<.Tiove8 when it is pla6cd in the field. 

The .Screw or Corkscrew Rule. Imagine that you ari 
^ screwing an ordinary screw or a corkscrew int 
^ a cork held^so that the point of the screw travel 
in the srfme direction as the#current, then ih 
13 ^ direction of the rotatvSn of your thumb and of th( 
’' * ^ screw indicates the direction of the lines of force 

[Fig. 62 and also refer to Fig. 61.] 

f 

Amp6re|8^^ule^^(l^ Imagine yoursel 
stvimmihg' iu the .wire ^Bith the current anc 
facing a suspended magnetic needle: the if-pcl 


i 

-.N V 

_^ 


ft r-A Dircctitm t»f 
N/ ' lines of foTO 
/1 1 


>N a 

\, ' / r.— 

I>p| V CuiTent 


Fig. 68. Fig. 68. 

is deflected towards your Ujfl hand. Test this by placing a current 


With ordinaiy breast etroke. 
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• • 

bearing wire alongside of and also b<^h (1) abc^o and (2) below^ 
a suspended magnetic needle (fig. 61)^ 

*41 ((^. ConverM ^zteiMlon of Ampiraj^ Buie (ii). ^ 

We must bear in mind that in the last experiment tbere^ two main 
Jields of magiutic fbrce'. (if that 
due to the current, (I) that due to 
the magnet, which re^ct mutually. 

So far the magnet has been free 
to move and the wire fixed. Now 
let the magnet bo fixed Aid the» 
wire be free to move sideivayh. 

By*^ewton’s III Law to every 
action there is an equal and con¬ 
trary reaction ; therefore the wire 
will be translated bodily accord¬ 
ing to thefollowingmodification of 
Ampere’s Rule:-*Imaj;tne your- 
»elf swimming in the wire, with the 
current, and looking along the lines oj force (in this case [t ig. 64] away from 
theN-pole of the fixed magnet), then thf wirq^ill be carried te^'ards'your left. 

[N.B. If the m^met pole were S, the aftiipmer would have to turn on his 
back and face the S-pole in ord^r to look in the direction of the lines of force.] 



Fig. 6/. Motion of current in 
Magnetic Field. 


• * • 

*41 (b). Furfber Bxtenalon otAvaph/f** BtUe (^) [Xnduedd CunrentS]. 

There yet remains the consideration of a third condition^viz. wl^^^a 
wire forming part of a circuit which does not Contain a battery er other 
generator of electric current is moved across lines of magnetic force. Here 
energy to move the wire must be supplied [§ ^i]. 

The insult again follows from Newton’s III Law. Moving the wire across 
the lines of force of magnetic field results in a production of current in 
the wire, and this induced euiAent tends to cause motion [Ampere, eg 41 (a)] 
in a direction oppoainK the movementi^of the wire caused by the energy 
supplied. Therefore the direction of this induced current is determined by 
considering the question ot^'eaetion or opposition to the force used in moving 
the wire. Hence, when we consider the case of moving a wire so that it outs 
across lines of magnetic force and the consequent inductioiv of qurrent ib the 
wire, we must modify Ampere’s Rulef thusImagine that (1) you are 
moimming in a wire which is moving across (cutting) the lines of force of a 


Omit for first rea^ng. 
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magnetic field, (2) ;fbu turn yourself sd as to look along the lines of magnetic 
force, and (3) tlkC wire (^nd you m it) fe being moved to the ,right (Fig. 65), 
^ ' then you are Bwiranairig with the cur- 

riirreni*;nduct;l induced' in/the wire; if the wire 

is moved^to the left, the cdfrent is 
•\ against yo^^, 

^ ^ iincH <if force r ' 42. OalvaaoBcopea. (Cur- 

r rent Detectors.'/ 

I „ The simplest form of galvano- 

1 scope is sliown in Fig. 66: it 

\ t'oiTent •consists of a compass needle jpr- 

\ , \'^ rourded by a coil which carries 

) Iv^ ^ jt™ '' the current. Deflection of the 
needle may be explained eit/wr by 
V'^ “ Corkscrew ” and AmpWs 

Rules or by considering the mag- 
netic field produced by tl?e cur- 
Pig. 66. <nlr^iit induced by motion rent in the coil as due to a 


of conductor in Magnetic Fi^, 


magnetic shell with N. and S, 


faces, repelling the corresponding poles.of the compass needle. 



i For Fleming’s Bight-hand Buie see § 54: it is best, however, for tSe 
beginner to matter dinpbre’i Buie, with its extensions, be/ore considering any 
other rule. 
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Fig. 67 shows a slightly riiore^peciaJized type •?hich tKe student 
may easily cpnstruct. 

Bsp. I. To make a igalTanoseope ((feteltor) which afterw^ds [Sxp. iy, 
§ 45] may be calibrated as a<galvaiioraeter (i^asurer). ^ 

Two strips of wood AB, CD are glued along the sides of j rectangular 
piece ABCD so at to mate 
a frame in which aanagneto- 
meter needle (Fig.^ 26) and 
case may be placed. Two 
wires, the one thick and in two 
turns of low resistance,ithe 
other thin and of many turns 
ofiBigh resistance, are wound 
round the frame in series as 
shown inJB'ig. 68 and attached 
to the three binding screws 
T^T^T^. The magnetometer 
needle is placed in the frame 
under either coil as the ex* 
periment requires and its 
sensitiveness is increased by 
use of a control magnet SN 
which serves (1) to decrease^ 
the strength of tb% Earth’s 
field or (2) to adjust the 
poiuter to the zero position be¬ 
fore current is passed through 
the coil. . 

Bagp. li. Try the effect of • 
theourrentfromoncLecIanchd 
cell on the magnllometer 
needle placed under each coll 
in turn, when the control j^ 

magnet (o) is far removed, p. gg 

(b) strengthens the Eartff’s ’ ' * 

fi^, (c) diminishes the force of the Earth's field. Draw diagrams of the lines 
of force to expktm ail oases and record results. • • * 

N.B, Do not ** short-circuit ” the unnecessarily: use tfp/wp or “ key ” 
to complete the circuit; remove the plug immediately the readings are obtained 
and remember to take the mean of the readings at each end of the pointer: 
avoid paraUor error. 
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Bxp. i£l. Bepeal- Exp. ii, Q%ng tw6 Lcclanch4 cellB, (1) in series, (2) in 
parallel. Record your results. 

Ra-ilwfiy Telegrapl/ 

A modilied kind of curi^int detector (galvanoscope) conaisting 
of two coils wound in the same direction—a 
* ^ divided sohnoid in fact—may be constructed by 
the student,; the deflection of the magnetized 
needle, suspended between the two separated coils, 
is fljcreased by oach coil aiding the other. ,We 
may view the deflection in the light of Ampfere’s 
rule, or from tile stand-point of two magnatic 
shells of opposite poltfi on either side of the needle. 
The common Railway Telegraph (.the old 
fashioned Post Office pattern) is an instrument of 
this kindi; the needle, weighted and pivoted so as 
to stand upright when not in use, is deflected to 
right or left according to the diretition of the 
current whjph is changed in direction by a com¬ 
mutator ot by a “ three-way ” ,lever shown in 
Fig. 09 where the two halves of the battery are 
usW separately but in opposite' directions as the 
lever is switched to right or left. Two small gongs 
[Cj, (?.J of different notes are sounded by the upper 
part of the needle, the two notes corresponding to the dots and 
dashes of the Morse code [§ 109]. 



Fi([.69. C(7, Coil. 
C,G., Stops. 
H'I7, Line wires. 

Battery.,C, 
TjKti-way lever. 


43. Control of Senglttvenegg. 

Besides the method of control mentioned above where a bar 
magnet was introduced to reduCe the force of the Earth’s field, an 
Bitatic pair of needles [§ 22] may be used, round one or both of 
which the current-bearing coil is placed (Figs. 70 o and i). Such an 
instrument,is often called an astatic galTanomeier, although 
it does not rneaaure current. ' 

Torsion and ^Spring control. In some forms of Qalvand- 
meters. Ammeter and Vojtmeters, the needle is suspended by a 
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wire the torsion of which not oftly seives to control the Amount of 
deflection Ipt also may bo nSed tf iiieasijre the jourrent if tlfe 
instrument i?<jalibrafed by a 8tandj.r(linstrument. ItyAhejf forma 
the magnetized nftedle ^r, as we shall toe later [§ 47], a suspended 



coil magnetized by the current itself and so taking the place of 
the needle)rts attached to a hair-sprintj which controls^tbe swing 
by a method of suspension similar to that of the b^atiec-wheel of 
a watch. 

44. Mirror Oalvanometer. ^ 

The angle of deflection of the needle may be more accuraf^y 
measured by an optical method. In the Mirror §alva,n%i~.ster 
(Fig. 71) the needle is cemented to the back of a smalf circular 
mirror M which is suspeiuled by a silk fibre at tlie centre of the 
coil AB. The angle of deflection 6 is measured from the amount 
of displacement of a befjgi of light which is reflected from the 
mirror on to a scale D WK. The normal po.sition of nAdle and 
mirror is in the plane of the coil liud is obtained either by placing 
the coil in the magnetic meridian or by use of a control magnet. 
At the centre of the scale J) WK and at right angles to its length 
is an adjustfttle tube holding a lens at L and a cross wire ^i.t W. 
The scale is placed horizontally hnd parallel to thi plane of the 
coil and, for purposes of calculation, either 50 or 100 scale divisions 
from it. The lens is adjusted so that Ae image of the cross mre, 
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which is fixed vertically acrQss a hole a\i the centre or zero division 
oi the scale, is reflected back irom the mirror and focussed on the 





|K 


Fig. 71.'.dB, Section of Coil with its plane in the magneti(i,ineridian. 

M, Small mirror with needles attached as at Mi. 

scale. In the normal or zerc^position a l>eam of light from a source 

5 strikes the mirror, M, normally and is reflected back alon§ 

itssK ^ ^ 

^t^t the' h'eedles, i.e. the mirror, he turned through an angle ol 

6 radiatas, then the refiected beam will move through an angh 
of 29 radians', and the patluof the beam^is WMD, where WD is tb< 


displacement of the spot. 

Measure WD = (say) 36'4 scale divigons. 

„* WM= „ 100 

ri) ■ 36-4 

.Then j^q=0*64. 


which corresponds to an angle of '3491 radian or 2(rr 
.'. 9=-1746 radian or 10*. 


1 See § 188, Expekmntal Sdence, Part I, Physios, Sect. V, Light. 
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N.B. It will be foundry (»ilcul^ion that,if the dtsplacement 
is small, (s^y) 20 scale divisidhs {vifiere 5:^= 100^, 

tan 9=^ radians (i# circular measure}! 
or, iif words, for smaM Singles, the ta'^ent of an a»gle etfuals the 
angle measure j in raciians. 

• « 

46. Measarement of Carreift by deflection of a small 
magnetic needle at the centre of a circular coil placed 
in the magnetic meridian? 

^ Tangent Oalvanometer. 

We know that (1) the intensity of the magnetic field of force 
{F) at,the centre of a circular coil carrying a current is perpen¬ 
dicular to the plane of the coil [§ 411. ^ ■' 

(2) the force of intensity F deflecting' a small suspended 
magnetometer needle from the plane of the meridian through an 
angle 8 is given by the equation 

^'=fftandl^ 33], 

It can be psoved mathematioalty^nd confirmed by experiment 
that 

(3) P = 

' ' lOr 

where n = number of turns of coil 

r = ra4ius • 

C = current in Amperes, 


lOr 

0,?0-H-r-*tang^ 

27m 


hence (4) 
therefore (6) 

Assuming this formula for the present (see,Exps. pp. J7-8), 
let us construct an insthament called a tangent gsdvanometer for 

* Bemembcr r=the intensity of the field of foKe and is measured in 
eyaet acting on a unit magnetic pole. 
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meaauring'electrioacurrent ia amperes. Fig. 72 shows a vertical 
b6ard or frame fitted^with f<pir circular coils, two op each side, 
each conntijfed to a pair of /erminals. The ii umber‘of turns and 
the radii vary, ' ‘ 


Coil No. 1 

—V , 

2 turns {n — 2) 

radius (r)^7’5cmB. 

thick insulated wire 

„ „ 2 

2 turns (n = 2) 

' ,, =10 cma. 


5 turDS(n=5) 

„ =10 cms. 


22 »» 4 

100 turns ()i»-100) 

„ =12’5cm8. 

c 

fine ,, ,, 


A small shelf carries a magnetometer needle which must he 



rig. 72. 

adjusted at the centre of the particular coil used, the latter being 
placed withits plane ui the magnetic meridian. A horizontal section 
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of a tangent galvanometer is ^howi^ in Fig. 7^ 

compared yith Fig. 48. 

• . 

Bxp. (1), To ibow tbat tbe Xnt^ilTa of thm, 

riidai(F) at the oonfte of the ciroular coil of Jf tangent 
galvanometer (o) variea directly as tho number of 
turns n and {b) Inversely as the radius (r). 

Connect the yair of terminals of each coil, men¬ 
tioned below, of the tangent galvanomet^ (Fig. 72) 
in series with one or two Daniell’s Cells, having 
a key or plug in the circuit, l^o nut completf^ 
the circuit until you ye rca(^ to take the reailitJ^s 
at each end of the magnetometer negdle and obtained 
^ter tapping the glass gently. Disconnect immedi¬ 
ately after this is done. £%.ter your results as 
followtv 

a. Tosltowthatr (cn,us6coilB(2)and(3)whicly 
have the same radius. 


'which' should be 
, |N 



'x5 

Fig. 78. 


Coil 

No. of 
turns n 

s 

Beadir^s 

Mean de¬ 
flection d 

1 

tan 0 , 
1 

a 

F=H tan d s 

$ 

I- 

1 ^,Eatio F/nssfc] 

2 

3 

n=2* 

nrrS 

s 

13® 15® 
30“ *3“ 

14“ C. 

1 31“ C. 

•249 

•601 

Fi = -249 H dynes 
F,=-001‘& „ 

- J 

•249ff/2=-124j 

•r,01H/5=;120j 


1 * J 

b. To show that F « —, nse coils (2) and (1) which have the same no. of 

T ^ 

turns. 




• 

Mean de- I 
flection^ 1 

. 




Coil 

IUdius=r 

Beading^ 

tan 0 

f'=Htan9 , 

Fxr=fc2 

3 


13“*16“ 

14“ C. 

‘249 : 

= *249^? dynes 

3'49ir 

1 

7-6 ,, 

• 

18“ 30“ 

19“ C. 

•344 

= -344ff „ 

3-68H 

• 


N.B. More accurate resnlte are obtained bjr inserting a aomnmtatn 
[see § 63 st the end of thie Chapter] between the g^vanometer and battery: 
four readings will then be entered in the 8rd oolnmn [of. § 87 (8)]. 
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99Bp» 99 OurrMft (Amvte««) in a circuit, use Coil No. 2 and 

calculate the current by formula (5.\ above. 

' *■ , IWHr 


The factor is called tb\ reduction motor of the galvanometer. In 

aim 

this case, CoirNo. 2, 

rsslO cms. and n~2 turns; then, if H=:‘19 dyne, 

, , . ^ V0x*19xl0x7 _ 

ihe reductionjactor= - ^ oo approx. 

Z X ZZ X z 

in Exp. (i) where Che current caused a deflection of 14° 

(7=l'5’l X tan 14° ^ r 

= 1*51 X *249 = 0*88|,Ampire approx. 

Find the current from two Daniell’s cells in series or one Bichromate 
Cell^ by experiment and formula, using cotis (1), (8) and (4) and suggest 
reasons why the current should l>e less when Coil No. 4 is used. , 

*^ 19 . (lU). To ■how that the Intensity of the field (P) U proportional 
to Ihe Onrrent [Equation (3) i^bove], i.e, FaC, sec meth(^ of measuring 
current by rate of deposit of copper by electrol^’sii^t § 61. 

Sxp. (ty'). Calibrate the galvanosoope shown in Fig. 6B so^that it may 
be used as a^gel^anometer, and prepare a graph deflection current. 

46. Elecfa’o-masnetlJ^ pntt of Current. 

The problem of investigating the strength of a magnetic field 
due to a current flowing in a straight wire is couplicated by the 
fact' that each element of the wire is at a varying distance from 
the»jAt pole placed at a particular point in the field. Experiment 
proves that the force varies inversely as the distance (r) of the 
•1 

point from the wire, i.e. 

If however we bend the wire into the^orm of^n arc of a circle 

and placevhe unit pole at the centre of the circle then it is found that 

F X directly ats the fength of the arc (/), 

X directly as the current (c),» 

X inversely as the square of the radius, 

. » .'•« 

t.«. F 9-T> 




. tan i 


and we can choose t}»e vmit of eierrent (e) so that F = 
* Omit'for first reading. 
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This unit is called the Aectro-n^gnetic adit of current, 

and may defined in c. o. s. units afe the current wjiich in 

a wire 1 cm^ length ^ent into the ar\^ a circle oj hvm.,radius 
exerts^ a force 0 /% dyr^ on a unit Tmagneiic pole placed at the 
centre of the circle — i.e. the current produces a field of unit in¬ 
tensity at the dontre. * ' * 

Current expfessed in “E.sf.” or ab*)lute c.g.b. units is indicated 
in this book by a small C. This unit is too large for practical 
purposes; ^ a 

the practical unit— J^lie ampere = “ km .” unit. 


« Amperes are expressed by a large C. 

The force dynes) on unit jlole placed at the centre of the circular coil 
of a tangent galvanometer, of radiim r and n turns, is obtained thus; 
l.c 

F=i dynes, where c is in “b.m.” or absol'ftte units 

9 

2irm ,c 


^vn.c 


3 note below] 


2irnO 

■w 


,, where p is in amj^res. [See also § 79.] 

» 0 


47. Ammetera or Ampfere-meterg.* 

By means of a tangent giilvanometer«onnected in series^with 
any other instrument for measuring current we can now tabulate 
scale readings on the lattlr corresponding to amperes measured 
by the galvanomeler: this process is called calibration. From 
these observations we cailSconstruct a graph ^ 

ampires/soale rowings. [Of. § 45, Exp. (iv).] 
Current measnring^instruments are called amphre-meten 
(ammeters) and are chiefly of three types—(1) “momng^magnet," 
(2) "movingginl,” (3) “moving-iron.” , 

Note, Force per unit length of coil x ^. 

9ltT 1 . 

Total force at centre of citcnly coil « ^ ® - ■ 
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(1) a movi&g'magnet ammeter is shown in Fig. 74 a 



, Fig. 74a. 


where, suspended inside tlio current-bearing coil, a permanent 



Fig. 746. 


magnet with pointer attached 
is deflected by tiie magnetic 
field createdliythecurrent. This 
is clearly a modification of the 
tangent galvaflometer. Acoiitrol- 
magni't for neutralizing the 
Earth’s field increases the sensi¬ 
tivity. 

(i) A moving-coil am¬ 
meter is s^own in Fig. 74 6 
and/..he type is explained by 
Figs, la a and b. The current, 
or rather a small but known 
fraction [see § 71, Shunts], to be 
measured enters gt the terminal 
T, and passes down a wire of 
phosphor bronzewhich suspends 
the coil and thence through a 
control hair-spring [§ 43] to the 
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terminal T,. The plane of thfe mowng-coil i# set, fot the zero 
position of {he pointer’, in the'planJaf the jeld between the poles 
of a strong ]fermaneBt magnet Nl^ ctnceiitrated by an iren core 
withis but not tSuchir^ the coil, y^ien the current flows, the 



Figs. 75 a and t. JfS, Permanent Magnet. 0, Suspended coil carrying current. 

AB, Scale, reading amp5rw. D, Soft iAn core. E, Brass support. 

coil moves acrosssthe lines of magnetic force due to the permanent 
magnet [§ 41 (o)] being Jcted on by a couple which oppeses the 
torsion of the hair-spring and phoiphor bronze suapen.sion. When 
equilibrium is establiqjied, it is found that the deflection is pro¬ 
portional to the cfurrerU. 

Bxp. The*principle of the moving-coil galvanometersmay he shotra hy 
passiug a current from two Bichromate Cells through a small coil of fine 

> In the most sensitive micro-ammeters the deflection is measured by 
means of a mirror attached to the phosphor ^ronze suspension. [§ 44.] 
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(No. 8f) insulated (k>pper wire •*'f abodt 200 turne suspended by one of its 
terminal wires round which the oj^er is wrapped loosely. The coil is hung 
with its p]a. c in the direct fieldj^^ween the N- and S-poles of a permanent 
magnet. (Fig 7G.) 

(3) Mfving-iron ammeter. The ujain feature of this type 
is a hollow coil of thick wire cajyying the cu^’rent which, by 
creating a strong magnetic ffeld, magnetizes a moving piece of soft 
iron within the cote. In Fig. 77 a soft iron lever, to which a 
pointer with compensating weight or spring is attached, is sucked 



if necessary by supplementary current. 

in towards tl?e centre of the core. A section of another kind of 
moving-iron ammeter U shown in Fig. 78. The moving^iron rod 
A, in a frame and pivoted on a spindle shown in section at 
0, ts magnetized and repelled by a similar but^ajed iron rod S. 
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Magnetic Mux 


* 48 . Field* of Force, Line* of Ford and BKagnetio Flux. 

We h»v^ already defined a field of |,Tf ( intett^Uy [§ Si]; t^nit magnetic 
pole placed such a fi^eld is moved in^tbe direction of tl^e lints of force 
e may imag'^e a sheet of pdj[)er to be placed 


with^a force of or^ (fyne. We i 



Fig. 78. Section of coil and iron rods. TSe arrangemenf^f the compensating 
^ rod, Cy is showft c*i the right. 

perpendibuiar to the direction of the lines of force (Fig. 79) and divided into 
square oentimetrdl^ which have unit poles at theii^centies. If the of 

unit intensity we can describe tbe total force aotiAg across ^ 
i sq. cm. as I line of force per sq. cm.: in a fiel^of intensity 
(say) 7, each of the unit poles would be acted on by a force 
of 7 dynes, or we could say that there wer^ 7 lines of force 
per sq. cm. If the total ar€% were (say) 10 sq. cms. then 
there would be 10^ 7 lines of force across the whole area 
or, to use a new phrase, th^total magnetic flnx would be 
70 dynes per total area. 

In the case of a unit pole place# at the centre of a 
sphere of unit radius (J cm.), the total fiuz across the 
surf^e of the sphere is found by considering the force on 
a unit pole ^ the centre of each sq. cm. of the surface 
at a distance of 1 cm. from the unit pole placed at the 
centre of the sphere. The force on the unit pole at the 
surface of the sphere is one dyne. Therefore, since surface of sphere=4r r^, and 
rstl cm., the total flux is 4ir dynes; if the stren^h of pole at centresm 
units the total flax would beHira dynes. 

* Omit fnr firat rAadincr. 



Fig. 79. 




84 


Electricity and Mcignetism [CH. iv 


49. PermealiiUty. 

One o£ most in'i,erestifi| fiicts observed in thi? chapter is 
the increase \f intensity oi*thl magnetic fibld^ caused by the 
insertion of an iron core into's. solenoid or‘other ourrent-bea'ring 
coil [§ 40], ' 

We can compare the intensities of magnetic fields by a mag- 
netoijieter, remembering that 

/'’octant .[§ ®3]. 

Suppose that the i*tensity is fcfimd to be (say) 5 lines of foree 
per sq. cm. before the iron is inserted iti the coil, and (say) 10,000 
after insertion; it is evident that iron is more permeable to lines 
of fa ce than airCs in the proportion of i.e. 2000'times more 

permeable; or, in other words, the pemieabUity of iron is 2000 
times greater than that of air, when the intensity of the field of 
magi^etization is 5. 

. •. intensity of field after insertion of iron 

This ratio f -r----— p * 

>' original intensity or magnetizing field 

^ n^feafures the pemieabUity of the iron. 

If the magnetizing field is of intensity H lines per sq. cm. in air, 
and after insertion of^the iron there are B iron, 

B^l, et(^ 

and‘the permeability is represented by ji, 
then u ~ l^' 

XI 

Por Exps. see § 50. 


SO. Magnetization — Magnetizing Force—Hyitere- 

■le. c 

Itxp. (1). To prove tbat tbe intantity of tbc due to a eturent 
paasiiMi tlarongh a soUinoldie proportional to tbeatrengtbof theenrroit. 

A sckidDoid [Sf Fig. 80), made by winding Ko. 28 insulate^ copper wire 
olosely ronnd a glass tube^ is connected in series with a 4-yoit 

acoamulator or two bichromate cells (il), a carbon-copper-sulpbate resist- 

^ Secure the ends oft the wire by india-rubber rings wound on both the 
glass aud the wire. 
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ance (B) [§ 69], a cominuft.tor«(C), and a tang|nt galvanometer (G). 
Amagnetometer(if)ieu8edtomeasure • * 
the intensity of the field. Then ijl; will J 
be fonnd , 

Intensity of FieU# 

Strength of Current ~ 

tan L of defieetion of Magnetometer 
tan L of defieotion of Oalvundineter 
= a constant. 

Take 3 or 4 sets of observations, vary¬ 
ing the resistance for each set. lahe 
mean of four deflectieja readings must 
be taken for each instrument—two» at 
each end of the pointer and ^ese re¬ 
peated after the current is reversed. 

T#>ulate your observations and 
show that the above ratio is constant; 
also draw a graph, plotting the corresponding values of the two {j^ts of 
tangents ^ < 



Bxf. (U^. To prove that tb« inteneity of the field due'to a enrrent 
paaalnK through a solenoid is propor|lonal to the of turns of 

the coil per unit of length along th# solenoid. 

Prepare a soeond solenoid of exactly*the same dimensions as the first 
[Exp. (i)! but use No. 22 wire. Replace the galvanometer with this second 
solenoid. Count file number of turns in each and dtvide by the oorre8jK»ding 
length of each solenoid. Take deflection readings ot the magnetometer, without 
altering the total resistance of the circuit, fj|f each solenoid in turn in the 
exact position (S) shown in Fig. 80. Enter your results as follows; 

Length of solenoid No. 1^ 11 cms. Not2, 11 cms. 


Solenoid i 
Wire 

Tftns (n) 
per cm. 

Deflec 

• E. ■ 

tions Q 

W. 

Mean 9 

tan d 

^ .. tan ^ 
Ratio- 

• « 

1. No. 22 

• 

o 

12-6 

12 

fes 

14 

13° 

■231 

■0186 

• 

2. No. 28, 

9 


23-5 

24 

26-5 

26 

25° 

•466 

• 

_IL 

•0186 

* 


^ In all these experiments care should be taken to place the solenoids as 
far as possible away from the magnetometer or galvanometer whiofa it is not 
intended to affect. 
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Having shown Jhat the magnetic ihtensity of a field is pro¬ 
portional to the current, we maj use the same method for showing 
the degree ^^magnetization ir^ced in a piece of iron fin relation 
to the magnetizing force prot^ced by a current. JVe shall obtain 
a measure of thfe former by the magnetometer and of the latter 
by the tangehVgalvanometer. By placing a 'soft iro'.i core within 
the solenoid [Exp. (i)] and by ^aduall^ increasing the current from 
zero t^) a suitable maximum, then diminishing the current gradually 
until it becomes zerv, afterwards reversing it until a corre¬ 
sponding maximum is Sttained but with the cijrrent flowing in an 



opposite direction, and finally on diminishing thi' current to zero 
and ultihaitely increasing it to its first maximum, a series of two 
sets of observations will be takemfrom which we can plot a curve 
cori^ponding to Fig. 81. 

Bsp. (ill). To invnttgata tbe magnaUzatlon (magnatio indnatioa) 
at Iron aud Its xala^on to tlia onnant producing tba magaatlzlng fOroa. 

An nnmagneti^ed * rod or a bundle of wires made of soft iron about 40 erne. 

I Demagnetize the iron if necessary b; (a) hammering or (b) passing suitable 
eurrent through wire wrkpped round one end: test with compass needle. 



50j Hysteresis 87 

long is placed in a long soleuoiA th% end of which is ]|laced abput 20 ems. 
from the magnetometer needle (Fig. 80). coil is connected in series with 
a tangent galf^nometer or ammetei; throi^ti a coi4mutator to ifie source of 
current* a suitable resistance being placed i«3|the circuit [see E€p. (i)]. Pass 
a smatl current anil note ^he readings of '\he tangent galvanometer and 
Tnagnetometer. Increase the current gradually taking readings until a maxi¬ 
mum is reached {^PAt Fijfk 81). Then decrease the current gt-flfiually to zero 
{/IQC, Fig. 81). Npxt reverse tln^cnrrent by the commutator and increase 
the current gradually, taking readings as bifore, to a maximum {CB'A*) and 
continue until the cycle is complete {A'C'JiA). Tabulate your result as 
follows: • • 




# • i 


- 1 


•S 

Tangent Galvanometeu 

• Maonetom^ter 

Corresponding 


Maanetiziug Force « ^ 

Magnetic Induction 

position on 


current <x tan $ 

oc tan 0 

• Curve, Fig. ^ 


• 







tan d 

' J 

tan«9 

0- 

1 

O'’ 1 

0 

0° 

0 

0 

2 

36° 

•727 

13° 

•231 


3 

5^6° 1 

1-4 

24° 

•445 

P 

4 

62° 

1-88 

28-5°^ 

•5-13 

> 

5 

73° ! 

3‘27 

iJ5°*- 

■700 

" A 

6 

62° , ! 

1'88 

33°» 

•649 


7 

*64*5° 

1-^ 

32° 

•625 

Q 

8 

36° , 

■727 

29° 

■5£^ 


9 

0° 

1 0 

21° 

•384 

c • 

10 

32° 

•625 

0° 

• 0 


11 

49° 

1 M5 

19° 

•344 

1 

12 

58° 

1-6 

28° ' 

• -532 

• 

13 

• 62° 

1'88 

30-5°. 

•585 


14 

73° 

3-27. 

35° • 

■700 

A' 

15 

51° 

1-24 

31° 

■601 


16 

31° • 

•601 

19° 

•344 


17 

0° 

« 

16-5° 

•296 

C' 

18 

15° 

■267 

0° 

0 


19 

34° 

•675 

• 8° 

•141 


20 

63° 

1-33 

24° 

•445 


21 

65° 

«*15 

31° 

•601 


22 

73° 

3*27 

35° 

•700 

A 


• 






Plot the curve corresponding to these observations. * 


1 If the main supply is used with an ammeter in q/rcnit a lamp resistance 
[§ 69] ii suitable. 
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(iii) Ewhmhcifff’s OomjnutaWr (Kg. 83) is fitted with fou; 

( terminals, one at each comer of ai 
eboiiite base: adjacent pairs an 
'connected in tiym by rotating th( 
handle through 180°. 

(jv) A tapping ” cominutato: 
of a simple type, which also may bi 
used for signalling in the Mors' 
cqde either on the direct or oi 
the rewjrsingfcurrent system [§ 42] 
is shown in Pig. 84. The .student should construct one of thesi 
commutators and also try to design <Aher forms. 




Fig. 84. 


, The top two termiDala are connected to the instroment, the lower two 1 
^e battery or line circuit. Tiie tapping levers re»t in contact with the middJ 
bar.^ut this contact is broken by depressing either lever which is then ooi 
neoted to the bar with its terminal on the left-hand side. 


Que»tioni IV- 
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Questions pn^ChaI^er I'^ 

1. Describe experiment! to illustrate tl9e :^lgnetic effects dtie to (a) a 
ftraight c^ent, {h) a circular ciiiinrent, (c) a current passing through a solenoid. 


2. State a rule finding the direction in which a single magnetic pole 
would move round a ^ire carrying a current. 

A current is flowing along a wire between* the two unmarked poles of a 
storage battery. What method would you adopt to find (a) the direction 
the current, (b) the positive pole of the battery ? 4 » 

• I 

3. Two currents, in pair«,l]el wi^es, pass through the points A and £ in a 

downward direction perpendicular to th^ plane of the p^r. Draw a careful 
sketcfl showing the direction of the lines of force due tc each current and 
state what concluwons you would form regarding the action q£ the current| 
upon each ether. • 

4. Equal currents fiow along two straight insulated wires in the same 

plane, and crossing at right* angles at the point Determine the direblioi^ 
of the magnetic force at four points li, C, I) equidistant from 0 and each 
on a bisector of angles between the wires. * 


5. What do you understand by the term *‘magnetic 6hell|^2 *’* 

Draw a careful sketch of a flat coil of ^ire^carrying a current showing 

(a) the position of thelfnagnetic poles produced by the current, (6) the direction 
in which the coil would tend to fhove if freely su8pende<yn the Earth’s field. 

6. You am given a cigar box, a small compass neet^o and songp insulated^ 
wire. Carefully describe how you would proceed to make a sinl|)ie*fori^of 
current detector. What further steps would you taksrto render your insixoment 
suitable as a direct measurer of current? 

• 

7. Make a sketch of a Tangdht Galvanometer and briefly describe its 

structure. ^ 

(a) Why is it necessary for^he coil to he in the plane of the magnetic 

meridian ? * 

(b) If the ooU, when carrying a cnrrcnt|iB considered as a magnet, what 
is the direction of the magnej^c axis? 

(c) Why can a ]^rmanent deflection of 90® never be obtained ? 

(d) What is me^nt by the Beduction Factor of the Galvanometer and on 
what features of the instrument does it depend? O.L. J. ISfiO. ** 

8. A Tangent Galvanometer is set up with the aluminium pointer in the 
plane of the coil. No deflection is observed when a current Is passed through 
the instrument. Why is this? 
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9. Hbw wouldT you eiperifuentally determine the Eeduotion Factor of a 
given T^gent Galvanometer? ( 

Two Wteries res^otively de0edtions of 10° and (*10° when ourrents 
from' them^re passed sep^-itelf through a giwjn Tangent Galvanometer. 
What deflections will be recorded if the currtyit frorrf each battery it doubled? 

10. Wlat are the currents in ampdres froiq two oejls which respectively 

give deflections of 13°, 26° in a Tangei^t Galvanometer of 5 turns, radius of 
coil 10 oms., H=’18? • * 

« 

11. Define (a) the electro-magnetic unit of current, (b) the practical unit 

*of current. ^ , 

The galvanometer in Q. 10 is fitted ^ith cc^ls of 5 turns and 60 turns 
respectively. It is u&ed for currents '^hich give deflections between 3° and 60°. 
Determine the greatest and least currents it will measure. Give their strengths 
in (a) E.u. unites, (6) ampdres. ' 

* 12.* A current, passing through a Tangent Galvanometer, giverf a deflection 
of 6° when a 8ingle*turn coil is used. Wbat deflection will be recorded when 
^he current flows through a<coil containing 50 tuhis? 

13. A light flexible cable, of insulated wire, connected to the mains, carries 
a current whose direction and strength are required. How flonld you proceed 
to deterdhme«lil^380 values wi^l^ut stopping the current or scraping the wire? 

14. Describe with careful sketch an Astatic Galvanometer and explain its 
great sensitiveness as a detector of current. • 

• * 16. Give a detailed description of (a) a mirror ga^'anometer, (6) rmbsI' 
tivj mo:^ii^-coil galvinometer. Which would you prefer to use and why? 

16. «What is meant b^Uie Miultive&eM of a galvanometer ? How is the 
sensitiveness varied by the u|e of a controlling magnet? 

17. Define “intensity of mt^netization,” “permeability.” 

Describe an experiment to determine how the intinsity of magnetization 
in ito^ varies with the magnetizing force. * * 

18. What do you understand J^y the term “hysteresis”? 

Draw typical hysteresis curves for (a) soft iron, (6) steel, stating the facts 

• which may be deduced from the study of the cfirves. . 

19. Draw a careful sketch of a simple form of commu^tor, explaining its 
use. 
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INDUCED CUBE^:NT 

Q 

S3. Motion of a currenl-bearlsig wire In a magnetic 
field. 

The student should refer to § 4J (a) and recall the converse ofi 
Ampere’s Rule whereby.the direction of motion o'f a current-bearing 
wire^free to move in a magnetic field of force may be remembered. 
A few experiments illustrate this rule. 

Bxp. (i), A strongly magnetized bar NS (Fig. 85) is fixed in a corkjirhic^ 
fits tightly into & ^mall copper vesseP. Mercury is poured into the vessel a>id 
partially supports |i thick pi^oe of wire which is hung by a t^in copper wire from 
a wooden stand. The wire and the vessel are Connected to the poles of 



Fig. Fig. 86. ^ 

battery of 8 Bichromate Cells, so that the current passes up tlie wire which 
will now rotate round the magnet in a counter-clockwise direction. Imagine 


I A. copper calorimeter serves t^e purpose. 
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yourself swimming with the c^srent np the wire with your back to the magnet 
looking Cn the direction of thi. lines of force: the wire is*continually urged to 
your lef^ Heverse the direllj^oA of the current a^nd note tfiatthe wire moves 
round in tlta opposite direction. 

Bxp. ^). Barlow's Wlie^«d. An eight rayed star (Fig. 86) cut out of metal 
is support on a horizontal axis so that it csn rotate* with the ends of the 
rays just dipping into a mercury trough placed between the poles of a strong 
horse-shoe magnet. If current is now passed from the terminal + which is 
connected to the mercury by a wire the wheel rotates in a counter-clockwise 
vdireotion if the neof pole of the magnet is a N-pole. 

*Bxp. (lil). Eleetzic-motora. [See rlso § IQO.] In Fig. 87 a coil of wire 
free to rotate about*'a horizontal axis and between the poles of a fixed magnet 
is shown, and arrows indicate the dirt^etion in which a current is passed 
through the coil. According to the converse of Ampere’s Cule referred to in 
Exp. \i), the coil will rotate until it is at right angles to the plane of the 
paper: by its momentum however it will rotate past this angle and will be 
Jirought back to rest afteif> rotating 90*^ unless the current in the coil is 
reversed every half revolution. This reversal of the current in the coil is 




effected by the “ split-ring ” commutator shown on the right of Fig. 87 and 
described fully in § 95. The field magnets are wstind in series with the 
coil sjid therefore actuated by the current fassed into the motor. Fig. 86 is 
a diagram of the lines of force round a conductor in a magnetic field. It 
shows the lines of force crowded Ibgether above the section of the wire and 
separating: this connotes repuUion, (Fig. 35). J?he + sign indicates that the 
current is passing down the wire through the paper, hence the wire is urged 
in yie direction of the lower arrow. [Converse of Ampdra’s Buie, § 41 (a).] 

The consideration of the lines of force around a current-bearing 
wire in a magnetic held aud the consequent moving of the wiz^, 

* Omit until after reading % 95, the Dynamo. 



53 ] Force between parallel Conductors 95 

brings us by a natural sequence ^he question of tiie forces 
between two^conductors placed alon|side each ot^%r. Each 
possesses a magnetic field. • • f ,• * 

(i) *[f the current is in the same d>trection in two parallel 
conductors thp lines qf force run into each other (Plgt' 89 a) and 
consequently there is attraction (Fig. 34). 



attractiun repulsiyii 

(a) Fig. 89. ^ {b) 


(ii) But if the current in the two parallel conductors runs in 
opposite directions, the lines of force avoid each other (Fig. 35) 
indicating stresses in the ether which cfcnse repulsktU (tig. 89 b). 


Another method of regarding tKe .force (i) of 
attraetion between two parallel currents in 
the same directions and (ii) of repulsion (Fg) if in 
opposite directions is to apply the convert of 
Ampere’s Rule in the light of Fig. 90. A,* A and 
C are parallel current¬ 
bearing wires; the lines 
of force are showr for 
A which is considered 
fixed; the reactions be¬ 
tween the wires are 
however mutuah 

TBatt. (iv). , Xegat’s 
fnmplns Brlnl A spiral from A 




of insulated wire is wound Fig. 90. 


Fig. 91. 


loosely round an iron rod 

which is clamped into a stand as shown in Fig. 91. Tht spiral is fixed to a 
supporting terminal T, at the top; the lower^end, which is weighted, ends 
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in a piece'of platinum wire which just touches a cup of mercury conneoted 
to the tei)piinal T^. passitig a strong current through the spiral the 
parallel w^es are attracted nud<:he current is broken at tiie mercury, but 
contact is reijewed immediatU’^, Hy gravity, and tlie ^piral contracts again. 

54. indu ced Current. Coaductor cutting magnetic 
lines of Force. 

^ In § 41 (b) it was showA that, by Ampere’s Rule extended and 
applied, by aid of Newton’s III Law', to the case of a conductor 
iboved across a magpetic field, wo could understand the production 
of an B.M.P. (and Ijence a current) in'the cOliductor and determine 
its direction. Such a current is‘called an induced current, 

^ We shall find that although therfi are several wj.y,CHjf inducing 
a cument in a wire, yet there is only one fundamental cause, 
viz. the changing of the magnetic field in the neighbourhood of the 
crnductor. 



Fig. 92. 


' To every action ttere is an equal and contrary reaction. 
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Bxp. To show that an alsotroteotlvf force (and^henoe a torrent) Is 
prodneed in a eondnctor which Is mo across the U&m qf force of a 
magnetic fleW^ 

H anti S are the^two poles {enlargeTl for purposes of thrfdiagram) of a 
strong electro-magnet (Fig. %2). W is a wiijp with its ends lb circuit with a 
remote mirror galvanometer {0) or a milliammeter. The winc^i^W', is moved 
rapidly downwards^ in the direction of the arrow M. The magnetic lines of 
force are in the direction F, and the galvanometer indicates that an induced 
current is produced in the direction of the arrow C. If (1) the polarifj^ of 
the field magnets is changed or (2) the wire is inovedsipwardw, the directjpn 
of the current is reversed. Apply the Extension of Asnp^re’s rule [§ 41 (6)J in 
order to predict the dirStion of Vie current^ oit use F^ysming’sBlght-hand^ 
B\pe: point the Fore-Finger in th( direction of the lines of Force of the 
Field (F), ^jjdthe thumb in tlk direction of the motion (<1/) of the wire, 
then the seco^ finger held at right angles to the plane of the thumb li.nd 
fore-ilnger points in the direction of the induced current. * 


55. Current induced by changing the field. 

( 1 ). Try the effect of keeping the wire stationary between the poles, 
and then (1) suddenly produce a msi'oetj^ field {F) by^s^iidi^ling on the 
current in the electro-magnet circuit; ^)^reak the current. The result 
reveals the fact tbiA a enrrent U produced^n the wire (IF) only when the 
lines of fores across the wirdare changing, i.e. ine^asiug or diminishing; 
the currents iu the ^o cases are in opposite directions. 

s 

Induced currents in parallel wi^s. 

Sxp. (U). Bemovc the electro-magnet a:^d replace it by a wire stretched 
parallel and close to W but noMiouching it. Switch ou a strong current: the 
galvanometer gives a kick in one direction as before [Exp. (i)] and then returns 
to its first position, 9reak th^current: the galvanometer kicks in the opposite 
direction and comes to rest in its first position. Again the deductio^is made 
that a current is induced in the wire when the magnetic lines of force, 
caused by the current passed through the parallel wire, are changing. This 
exp. may be varied by (a) rfiingiag the parallel ourrent-bearing wire up to W, 
and (b) removing it. 

✓ 

^ This exp. is amplified in § 95, the Dynamo, under the'^ea^ng “ Earth 
Inductor.'* 

* The writer's advi^ to teachers of beginners is to,leave Fleming’s Left- 
hand Buie alone. 
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56. Effect bf Increaabig Cr decreasing the magnetic 
lines offfoFce tbrrugh a colled wire. 

There three simjilc' ir,ethods of creating an increase or 
decrease of a magnetic field within a co’"'; 

(а) bnfeging up to or removing a magnet (or an electro-magnet) 
from the fixed coil; 

(б) switching on or off t1ie current of an electro-magnet placed 
opposite or withip>the fixed coil; 

(c) turning the coil so as to receive more or less magnetic lines 
of a fixed field. 

Before reading the descriptions cf the following e^rperiments 
the student should treat the above statements as problems and try 
to deviss methods of demonstrating their truth for himself. He 
w^uld thereby re discover Faraday's great discoveries of the years 
1830-32 about induced currents. 

Exp. (1). To demonstrate (a) above. 

The ftnan(^L:ent is indicate 1 in Fig. 93, where the N-pole of a bar magnet 
ie brought rapidljr np to a coil of [say) 100 tarns of thin wire oonneoted to a 



Fig. 93. 


mirror galvanometer or a microammeter placed at a, considerable distance 
sway from the disturbing field of the moving .nagnet. 

Sabstitate an el 60 lro*magnet for the bar magnet. 

Obaenratloiw. (1) The current as indicated fay the movement of the 
galvanometer is induced in the coil only when the number of lines of force 
entering or leaving the coil is changing. 

(3) The two induced currents are in opposite directions. 

(8) The direction of the lines of force caused by the induced ourrent 
opposes the direction of the lines of force of the magnet which causes induction. 
Apply Kewton’s 111. Law, viz. **To every action there is an equal and 
contrary reaction.** o 
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Fig. 94 allows the arrangement. Two^ %oils A B, of abogt 100 turns 
each, are first*^laced opposite to ea(h 
other, A'b external diamAier being, for 
experiftental purpos^ oslj,4es8 than 
B’s internal diameter, d the primary 
ooil is oonneoted a batflery with a 
keyifin thecircuit? B the aeeondary 
ooil is oonneoted to a remote sensitive 
galvanometer G. 

W 0 

Obsarvatloni. (1) A current is induced in B ig one direction when the 
circuit in A is completeAor “made” at and in the^posite direction when 
the current in A is “broken.” It is during the ** making'* and the **hreaking" 
of the prif]^^ circuit that thealtnes of force are changing and the opposite 
currents ar^IRhiced. * e 

(2) C&refully note the direction of winding of the two cot is and th^dirgotton 
of current, hence by Ampere’s Buie find the direction of the lines of force. 
It will be found that the’induced current (seenndary) creates a field oppo«ng 
that of the primary circuit. [Cf. Exp. (i) 8.] 

R^eat thoicxp. with the ooil A within the coil B. 

Bzp. (Ul). To demonstrate (c) above, g 

Place the coil B with its plane in the dicedHon of the lines of force between 
the poles of a stronf electro-magnet (Fig. 92). Botate the coil about a vertical 
axis (1) through an angle of*180°; then (2) througl^nother 180® until the 
ooil has resumed its^rst position. There is an induced current in each*!uplf 
of a complete rotation but the two have opposite %irectionftE*plaw this 
^r$tly by the increase and decrease of the lin^.of force entering th^ooil; 
and secondly by Aipp^re's Buie extension or by Fleming's Bight-hand Eule 
with reference to a conductor^ cutting thrdhgh lines of force. [See Earth 
Inductor, § 95.] 

Effect of in{rodu(4ng Soft Iron into the Colls. 

Repeat the induction experiments, introducing a soft iron core 
or bundle of soft iron wires inft> the coils or solenoids used. 
Owing to the high permeability of iron, the change in the number 
of lines of force is greatly increased by the introduction of the 
soft iron coreArith a consequent great increase in^the secondary 
currents induced on both “making” and “breaking* the primary 
circuit. This is especially noticeable in Exp. (ii), latter part, where 
the ooil A is placed within the ooil in this experiment it is 

7 _«• 



Fig. 94. 
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evident tkat the induction depends not only (i) on the change in 
the numhtr of lines of force fjut also (jj) on the rayidity with which 
the chemgf:takes place. 

S7. Laws of Induced CurrentE.. 

It is wVl! to bear in mind that the cqrrent ip the secondary 
coil depends upon the resistance. A secondary ceil of fine wire of 
^)£^ny turns will furnish a very small current but at high pressure 
(E.M.F.). Hence ip,stating the laws of Induced Currents it is best 
to consider the E.M.Ft.rather than’the current in the secondary coil. 

The induced rkv. in the secondaiy co?l is proportional to: 
(i) the number of turns and (ii) the rate of change of the numher 
oft lines offores. 

V t 

Sienz’s Law. The direction of the induced current is such 
tljat it produces lines o^ force which oppase the lines of force 
causing the induction. [This follows from Newton’s III Law.] 


58. 7|he Induction Coll is an elaboration of the apparatus 
used in | 561' whfere one core (the primary) was placed 

inside another (the secontfory). The primary< coil (Fig. 95) is 



Fig.96. ..ttl.PrimaryOoilsttrronndingooreofsoftironwires. BB,Secondary 
Coil. C, Commutator. B, Contact Breaker. B, Spark Gap between 
terminals of secondary ocsls. Q, Condenser. 
















101 


66 - 59 ] The Induction 'Coil 

of thick wire wound in (say) thre(j layers round a cole of soft 
iron wires. The Secondary is i!ne insulated copper wire 
(No. 36) wound in layers and secti^S Insulated from laoh’other, 
and terminates in %wo a^ustable knobs between wijrfh the spark 
travels. The primary current from a battiTy passes froiytf j through 
the coil to the cpntacl brea ker, a spring vibrating on the same 
principle as the hammer of an olectri* bell, and thence through a 
commutator to the terminal which is joined to the battery. 
A condenser [§ 91], consistin^of layers of tin-foil separated hy 
paraffined paper, is i»serted»with one of its two sets of plates on 
eiljfier side of the gap of the contact breaker. The condenser acta 
as a kind wfjj»ervoir into wilich the electrons forming the primary 
currentiflow when contact is “made” and in which they surgpto&d 
fro when contact is “ broken.” The inilowingjirocess takes iSuch 
longer than the surging rush that follcavs the “break," for wljpn 
the current is “broken,” it not only ceases to flow in its original 
direction froln the battery, but actually flows back from the con¬ 
denser in the opposite direction. IJie induced* in the 

secondary varies,with the rate at wMcb the current in the primary 
is changing [§ .57], and therefore, since the “make” is relatively 
slow, the inducecf E.M.P. is smaller at the “make” than at^he 
“ break ” : in fact the spark gap may be lengthen^s« that no 
spark jumps the gap at the “ make,” bat only at the “ break.” 
The current in the secondary across thg gap is then in one direction 
only. Tge condenser also pi^vents excessive sparking at the contact 
breaker by actingtbs a sort of sponge-like buffer for the reception 
of electrons as they sur^e backwards and forwards, fiUiiig and 
emptying the reservoir at the “n)*,ke” and “break” [§ 91]. 

69. Tra&sformdtB are modified induction coils. 

We shall Jearn later [§ 98] that high pressure alternating 
currents can be oanied long distances more ecolMjmically than 
low pressure ones. Transformera are generally used at various 
places along the main cable to change the alternating current from a 
higher to a lower voltage. Such transformers are called “ step-down 
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transformbrs, bii^ a “step-*n)” tVansformer is used where the 
reverse pnscess is nef'ded. If the coqe of an induction coil were 
bent into the form of a dliqsd.J ring and aiv altemating current, 
a stream of llectrous rushing or surging^rst in one directioa and 
then in th^ opposite directidh, were passed through the primary, 
a corresponding alternating current woifld be induced in the 
secondaiy with each change of direction of the magnetic lines of 
for£ethrough the ring. The e.m.f. in the two coils is in proportion to 
their respective number of turns (n), i.e. 
Vo lta ge .In primary ^ 

Voltage in secondary 

Fig. 96*gives a diagrjrefcatic view 
of a transformer: the coils however may 
extend round the whole core which is 
■usually made of thin plates (laminae) 
Pig. 96. fltep-aown trana- 0* soft iron and is either rectangular 
former 6/4. or circular. 



Questions on Chappee V 

t 

• P. Describe, simple experiments and state mles to illustrate (a) the motion 
of a magnctit pole round a wire carrying a current, (6) the motion of a 
ourrent-bc^ing wire in a ms^etlo held. 

2. A current passes down a jvire perpendicular to the plane of the paper. 
How would this wire move under the influehce of a magnetic fidd whose 
direction is parallel to the top of the page from left to {igbt ? 

S. A yire, coiled round the edges of this pa^ and pivoted about a vertical 
central line down the page, carries a current flowing in a clockwise direction. 
Clearly explain the motion which enlues under the influence of a magnetic 
flfld whose direction is from left to right parallehto the lines on this paper. 

4. An electric car travels due E. with the current flawing downwards 
throned, the trolley pole. State (a) the direction in which‘A N-pole would 
tend to move re£id the trolley pole, (6) the direction in which the trolley 
pole would tend to move in the earth’s field, (c) the direction of the current 
induced in the trolley.pole when the oar is travelling downhill with the main 
onmnt switched oil. 




6, Bescribe the action of Slrlovr’s wh^l, drawing % oaretal|8ketch. If 
the battery is removed and the circuit *<^mp]eted, what is the effect of 
mechanically Ivtating the wheels • * * 

6. Two flat coila are*pl&ced parallel fc (JHe another with tjeir faces elose 
together. State what effects^ the coils wilj exert on one another when a 
current is passed ^a) in the^same direction, (6) in opposite dilations round 
the coils. Illustrate with suitable diagrams. L. M. 1920. 

7. A current from a battery flows alori^ two horizontal parallel wires, 

the circuit being completed by a straight wire resting perpendicularly atfross 
the parallel wires. State the direction in which this vire would tend to m^ve 
and explain by aid of a diagram. * • 

• • 

8. Describe some simple experimgnta which illusfrate the production of 

induced currents and state cle^ly the laws giving (a) the direction of the 
induced (b) the magnitude of the induced e.m.f. « ^ 

9. State Lenz’s Law. A flat circular coil is connected to a^sensitive 

microammeier. A bar magnet, N-pole foremost, is brought near the coil, 
(b) inserted into the coil, (c) slipped completely through and withdrty^n. 
Describe the effect on the galvanometer during each stage of the operation. 
How would ihm galvanometer be affected If the coll and the axis ot^hc magnet 
are in the same plane ? ^ 

• • • • ^ 

10. Draw a clear sketch and explain action of an induction coil, 
stating defipitely functions of (a) the contact breaker, (b) the soft iron 
core, (c) the secondary coil. Explain why there is no^an alternating curi^nt 
in the spark gap between the terminals of the secondary coil. 

• i 

11. E^rplain the oonstruotion and action of a transformer. 



CHiPTEE VI 

ELE'CTRbjLYTIC, EFFEte f)F THE ELEtTlilC CURRENT 

60. E!ectrol 3 rte 8 ani Electrolysis. 

f.* * 

So far our experipnce has been for the iiio^t part with the 
passage of electricity through metals. We are familiar with the 
use of iron and copper wires for conveying current, and in our 
exjperiments with the, voltaic cell we were probably more impressed 
by the efl'ect produced by joining th@ wires«-than by the equally 
important part that the solution in the cell plays in completipg 
the^ circuit through which electrons tlavel. We nojieiwt too that 
the en^gy of the cell was derived from the chemical "change 
brought about by zipc dissolving in sulphuric acid solution, accom- 
papied by the liberation of hydrogen from the copper plate. The 
fact that the circuit was completed through the solution suggests 
that we siiould try to find what liquids conduct Mectricity 
and what^ard the aocomEjbnying conditions and results. 


Conventional direction 



Fi^. 97. Anode. BB, Burettes or test-tubes. CC, Section of cork. 
BE, Electrolyte. Kathode. MM, Glass tube holding mercury. 
WW, Wires from batterjt 
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Sxp. or Brnnonitratloii (i). 

Usinj; a battery of 4 aoeamula^ors^ in ieKes, witj^ an ammetfir register¬ 
ing to (say) 2 amperes in |he circuit,*and aSpiele of platinum* fail attached 
to each^nd of tht twt^leading wires, try the effect of dipping^be platinum 
ends (Figs. 97 a and 6 ), whic^ftouW not tou^h each others into the following 
liquids: 

I Observations. ] DeductioTu. 

(a) petroleum (mineral oil) 

( 2 >) distilled water 

(c) water + sulphuric acid (H^SO^) 

(d) water + alkali (say NaOH) 

(e) copper sulphate soluflon (CU 6 O 4 aq.) 

(/),silver nitrate solution (AgNOg aq.)* 

(/?) hydrookbQC acid solution® (HCl aq.) 

(A) common salt solution® (NaCl aq.) to 

which a few drops of phenolphthal- 
lein have been added. 

The platinum ends leading to and from the battery are called 

Slectrodesf 

The electrode connected to the — ^/>le is caJlecRlffe l&thode. 

t vg 0 anode* 

f} iiO if T O ft n.**v««* 

Summary ofresults. You will find that («) and distilled 
toater (6) do not conduct electricity and ther% is no it^mical re¬ 
action ; but acids (c and </), alkalies {d) and salts (e,/and ^ in 
sdation are conductors and that chemical changes involving de- 
composition of the liquid accom|)any the passage of electricity. 
Note that hydroge'g or a metal is liberated at 1^36 kathode. 

The process of decorftposing a liquid by passing eleqjricity 
through it is called electrolysis i^it. loosening by electrons). 

1 Grove Cells or Chrorak Acid Colls will serve the purpose. If current 
from the “ main ” [generally at 220 or 110 volts] is used, insert one or twd 
32 o.p. carbon filament lamps in parallel; these are useful to indicate 
whether cuvrenlf is flowing, and also to give the necessary resistenoe. 
Caution: do not switch on the current until all is ready aira«do net toneti 
tho wlarea, etc., while current jFrom the mains is passing. 

® If platinum electrodes are not obtainable, use carbon rods (arc “pencils ”), 
see Figs. 101 and 100. 

* Use carbon anodes: Chlorine attacks PliKinum. 
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liquids whicfi conduct Ae^triifity and at the same time undergo 
chemical decompoaition are^called elf»ctrolytea. 

l>«aoiut^tlen (}i), 

Ueing a battery of 4 (4 -to 1^^ accamuiator^or the “main” snpply [see 
note, p. 105]4iy)nDect in series with the five eleotrolytio cells, shown iu Fig. 98, 
viz. (1) dilute sulphuric acid, (2) copper snlplSate, (B) silver nitrate, (4) 
hydrogen chloride, (5) sodium q^lorido (common salt). \The electrodes are 

Electrolysis of 



platinum except the auodes of ceils (4) and (5| which a^e gas-oarbon because 
gas chl^ine liberaji,ed at these anodes attacks platinum: cMoHm is 
solul^.e ; it is therefore necessary to saturate solutions (4) and (6) 

previously with chlorine gaa ] 

OlMMrvatioiia: (ci) Equal'volumes of pydrogen are liberated at the 
kathodes of oells (1), (4) and (5) ; 

(b) the same volume of Chlorine (as of H^ogen ^ove) at the anodes of 
cells (4)raQd (5); 

(c) half this volume of Oxygen at: the anodes of oells (1), (2) and (3); 

^ (d) the metals copper and silver respectively deposited at the kathodes 
of cells (2) and (8). After some time metal ceas^to be deposited, the colour 
of the^pper sulphate is perceptibly lighter and the curreq| falls off but is 
renewed on edition of more of the metaUio salt, when metal is again 
deposited; 

(e) the metal sodium is not deposited at the kathode of cell (6) as we" 
sho^d have expected by analogy with (2) and (3), because of a secondary 
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reaction of sodinm with water whereby th^ alkali eo^um' byjroxide ie 
formed and hydrogen liberated [2Na + 2HOB|p2NaOg + Hj]. 

Deductions. 

Thesame curnent passed ttrwgh each*cell ^(4 the same 
time. Equal volumes of Hydrogen *(density 1) ag^'Chlorine 
(density 35‘5) were liberated and half the volume of Oxygen 
(density 16). Therefore the weights rtf these gases liberated by 
the same current are in the proportion of 1 : 35'-'): 8, which corre¬ 
sponds to their chemical equivalent weighiib. * 

If, before and aftenthe Exp., we had weighed the two kathodes 
(2)^and (3) on which copper aud’sUver were deposited we should . 
have found .ng increase of wiSight corresponding to their chemical 
equivalepts, vi*. 31‘5 and 108 times respectively the weight of 
hydrogen liberated. * 

61. Faraday’s Laws of Electrblysis. 

I. The a^pmnt of chemical reactiaii in a circuit is the same 
at all points. 

II. The wei|fht of suhstanee lihe'^ted at an electrode is pro¬ 
portional to the Strong^ of the current and the time during 
which it flows {i.e.sproportional to the quantity of electricity)^ , 

III. If the same quantity of electrify passetf litroitfh a 
series of electrolytes,'the weights of the»suhstances libenated Mre 
proportional to their equivalent weights. 

Combining Laws II and III, viz. that the weight of a sub¬ 
stance liberated ft proportional to the quahtity of electricity 
passed and selecting the unit quantity in each c4se, we introduce 
a new term, the electro-chemioal equivalent, to indicate for 
each substance the wqight liberated by unit quantity of 
electricity. 

* Vele-Teettns Faper. The presence of the aUali may be shown-by the 
addition of phenolphthallein to an electrolyzed salt solutfbp: the solution 
turns reddUh-pink. Pole-te»tyig paper is made by drying filter paper pre- 
vlooely soaked in a solution of salt and phenolphthallein. Vie: moisten the 
paper and touch it with the two terminals from the batte^'or “main” 
wires: a red stain appears at the aegatlve pels where alkali ia formed. 
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The ^init quantity of Vleotricity, in practical units, is an 
ampere* per secotid anfl is cajloi a coulomb.^i ’i'lie ehctro- 
chem!k(d dtjuivalent (e) of.»n*f,leiMent will Kierefore be expressed 
in grams 'per coulom^, i.e. the \^iglit 'of each particular 
element IKjpratod by one ampere in a secnml- 
I-c. W - eCt 

wljere W - weight in grams of the element deposited, 

e - the «(lectro-chemical equivalent of the element, 

C = currerfu in amptrefi, 
t = time seconds. 

Further, i^ 

, •hTcirmra ~ '0000104: gram per ampfcre per sec. 
then = '6000104 x element’s chenjical equivalent, 

e»„p.r = -0000104 X 31 -5 = -000329. 

W = -0000104 X 108 = -001118. 

llxp.(i). To find 

meter method.) 



Fig. 99. 


Bemember W=nCt. Set up a cirouit (Fig. 9li) consisting of two acoumu- . 
lators (or 2 Bichromate Cells or 4 Daniell’s Cells), a tangent galvanometer {G) 
(or accurate ammeter registerixfg to 1 or 2 amperes) and an electrolytic cell 
( 


•Uctrc-c^«mical equlTalent of copper. (Galvano- 
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of copper plates in a solufton of oopp|^ sulphate** A wato^ recording 
ueond$ is needed. The copper plates of the electrolytic cell are carefully 
cleaned by dijising in dilute nitfic ^td anci |fteral.rd8 scrabbiifg them in 
pure water. A )>reiimiTiaii|^ trial without ^iig|)^g the plates Bhof{ld h^made, 
passin^ikcurront iti eaq^ direcUou in order to obtain a (^ood deposit of copper 
on the electrodes. The katbocre is then remoted, washed in (1^ di|tiUed water 
and (2) alcohol and afterwards dried in hot air^. 

The kathode is then weighed : 

77*942 graxfti .(1). 

The kathode is then placed between the two plates AA which form the anode 
and the circuit is completed. Headingg are taken ever^ mihutc at botli ends 
of the galvanometer poii^cr and jihe moan of the Sif readings at the end of 
Id minutes (900 aacs.) calculated. Mpan defleetloiid^Sl^. The kathode is 
thdl) removed, washed with (1)^water, (2) alcohol, dilod and weighed as 
before: , 

« 77*98 srama. 

Weight of Copper deposited (2) -(1) *038 gram.^ 

Beduotion faetdr of galvanometer [§^5]=0’209. 

Current in amperes = *209 x tan 31® = ’209 x *601 
^ s:0*1858 aznpr 

0*1256 ampdrein 900 secs, liberates *038 gram of copper.* 

*038 ^ * 

.*. 1 ampdre in 1 sec. liberates .]^ 256 x 9^ 

— *00033 gram of copper (approx.), 
the eiecero-oisenucai equivalent of copper is^OO083. 

Bzp. (11). To find the chemical equivalent copper*^t|l^henge the 
electro-chemical equivalent of hydrogen. (Joltameter method.) 

Substitute an electrolytic cell of dilute sulphuric acid with platinum 
electrodes for the galvanometer*and also increase the volt^e o! the battery to 
6 or 8 volts^. Collect and measure the hydrogen evolved {V o.c.) at the kathode 
of the acid cell mi- 100) [i^te the temperature (t) *and the pressure (p)*]. 
Weigh the copper deposited (ITca) on the kathodeof the Cu604cell as imExp. (i). 
Assuming, for approximate results, tha^l o.c. of Hyd. weighs *000085 gram*, 
we obtain the weight of Hyd. (ITnyd) evolved=*000085 xF. Then, since 
• 

* The anode dissolves, but copper depoiiU on the kathode; the stzengtiiM 
the GuSOi sidution remains constant. 

^ Some distance above the Bunsen flame. 

^ If the **maiD ” supply is used put two 32 o.p. carbon ffkment lamps in 
parallel into the eironit. • 

* For accurate results, correct the Yol. observed to F at b.t,?, at which 
1 e.o. of hydrogen weighs *00009 gram. 





no* EUctriHty'and Magnetism [CH. vi 


Woo gfany! of OopjAr and ITHy^grams of hydrogen were liberated by the same 
current, and the Chemical Equivalent of Hydrogen stl, 

* W ~ * 

~-£H-=Chemi(*# E^iivalent of Oopp|r=31*5 approx. 

"Hyd t 

ABBumin^'the result of Exp. (i), then 

^Electro-chemical Equival ent Hydrogen 
Electro-chemical Equivalent Copper 

Chemical Equivalent Hydrogen 
~ ' C hetnical EquivalenV Copper 
Elcctro-chemical Equivalent Hydrogen _ 1 
i -00033 ‘"31‘5* 

BlectTOwcbemleal Equivalent ^drogen 



•00033 X1 


31*5 


^^ 600104 . 


Voltameters. 


» An electrolytic cell used for the 
meaBureimnt of current is called a Volta- 
metei*; e.g. a copper voltameter and a 
hyjilrogen voltameter in the last ex- 
p?iiraent. If we know tjie electro-chemical 
equivalent (e) of the element liberated, its 
. weight (W), and the time (t sec.) during 
which the current passes through the 
•voltameter, we obtain the currant in 
amperes by applying the formula 
^ W 

t ^ 

We can therefore apply theV oltameter 
methoi for: 


Kathode and Anode ol Car- (i) finding the reduction factor of a 
Hjdl^e^'aKwt;' galvanometer, and' 

Electrolysis of dil. HjSOi. (c) standardizing an ammeter. 

The student should oheok his resnlts of § 45 or of Experiments where an 
acometer was used by the Voltameter method. 
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TABLE OP BLECTBO-CHEMICAL AND .CHEMICAL EQDiVaLENTS. 


■ __ 

tsiemeot * 

• 

• ! 

AtonUc 

WeigW 

J 

Valency 

r"»- 

«• 

Chemical * 
Equivalent 

■ 

Eiegtro*ohemical 
EqiV valent=grame 
per ampere per aeo. 

• 

K. Hydrogen 

1 

1 

• 1 

0-0000104 

Sodiam ' 

23 

1 

23 

0-0002384 ‘ 

Copper (divalent) 

63 

2 

31-5 • 

. 0-0003295 

Zino 

.65 

2* 

32’5 . 

0-0003387 

Silver 

•106 

. 1 

108 

0-0011183 

Lead 

207 

2, 

103-5 • 

0-0010728 

A. sOxygen 

16 

2 

8 1 

0-0000829 

Ghloriift 

86-5 

• 1 

35-5 • 

0-OOU3676 

« « 


Definitloa of tlie Ampere on the basis of electrolysis. 
An amptre is the practical unit of current which flowing'tor 

1 second liljgrates 0'0011183 gram of silver. An ampere = ^ 
electro-magnetic unit of current. 

62. Electrolysis applied c6 n^ercially. 

(1) Slectropla^ng an^ electrotyping. 

Electroplate of various kinds, especially flewellei^yornamenls 
and table utensils, ip familiar to everyone. Gold, silver, e(J{)per, 
nickel and several other metals are deposited electrolytically from 
a suitable solution. Gold and silver are dissolved as the double 
cyanide of the m^al and potassium. 

Bap. Add potassium o^nide very gradually to % solution gt silver 
nitrate until the first precipitate of ^Iver cyanide is just dissolved. The 
solution of silver potassium cyanide is a suitable “ bath ” for the deposition 
of silver on (say) a copper eandlestick or a britannia metal spoon. The latt^, 
previously cleaned by scouring with sand and soda, is washed and placed m 
the “bath ” assthe kathode ; a small piece of shAt silver as anode replenishes 
the solution by dissolving at the same rate that silver is d^ositing on the 
article to bo jfiatod [of. EipwS 61]- k moderate but steady current at from 

2 to 4 volts pressure is passed until a sufficient thickness of plating is 
deposited yrhpn the article may be removed, ^ed and polished. 
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Eleclfotypin^ is a process for reproducing type, seals, coins, 
cameos, ptc. The n^ethod ^ as follows; 

(aj obtain sn impress of fhe ijbject In wax or plaster; 

(b) renfie| the it^ide surf^e Id the imnrnssion conducting by^ dusting 
with graphite hor powdered brc^nze; 

(c) raalte^ p copper shell of the impression by depositing copper electrc- 
lytically in a “ bath ” of copper sulphate ; 

(d) remove the wax and stiengthen the shell, which acts as a mould, by 
pcraring in melted type metal or other fusible alloy. 

, (2) Purifyinysmelled copper by dissolving the ingots, which 
are used as anodef, in the electrolytic bajih of copper sulphate 
solution, and depositing the pure copper on suitably shaped 
copper kathodes. 

* (3)^ Elecli-dyais at high temperatures: c.p.^extraptiou of 
almiinium from alumina and the fused double chloride of alu¬ 
minium and sodium using carbon electrodes.' When the electrolyte 
is once fused the heat is maintained by the passage of electricity. 

^ • 

63. Elementary Theoiy of Electrolysis. 

There are feasdns for ^pposing that electrolytes dissociate in 
dilute solutions into their*^constituent ions F6], called respec¬ 
tively kations or anions, as they travel toward^ the kathode or the 
faitode, chained, wil^h electrons in defect, positively on the one 
hanf or,*with electrons in excess, negatively on the other. 

'•Faraday in 1833 suggested that chemically equivalent atoms 
carried equal charges of electricity.. This we can express hy 
equations such as the following: 

' -f” Ion or Ion Sr 

Eation Anion 

h, 80,5-^:; SO+; 

KCl K-‘ 01+' 

CuSO, :s* Cu-' S0,+' 

-C •+• 

' The oonducting surtaoe is improved by washing it with cupper sulphate 
and afterwards sprinkling with finely divided iron, which, by displacement, ' 
covers the surface with a layer of copper. 
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where - e represents an elect>(bn in def At 

and ^xcess. 

We have' learnt in § 14 that battery of vottaic'cells, 
electrons accumulate oi^ the zinc plate and*at th6 pole:' 
correspondingly there is a defect of efectrons at the,+ »' pole. If 
two carbon electrodes in“a solution of comimp, salt, sodium chloride, 
are joined to the two poles of a batteiy (Fig. 101), the accumula¬ 
tion of electrons on the zinc plate is carried into the solution 
at the kathode {K) and a def^t of electroSs appears at the 
anode (A). Since however ‘1 unlike charges attract each other,” 



the - "'r charged clarions, CT+', migrate towaijls the charged 

anode where they lose thdlr charge by neutraUzarion (+ €—f) and 
are liberated in pairs as chlorine molecules. Similarly the sodium- 
ions, + charged, Na-’, migrtSe towards the - charged 
kathode where they lofe their charge by the addition of aa 
electron per ion, and would be deposited js molecules of sodium, 
if they did not immediately react chemically wi^h the "water 
forming a solution of sodium hydroxide with the liberation of 
hydrogen 

2Na-h 2HOH = 2NaQH + Hj. 


B. E. 
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The energy of the battery'«! therefore'used in liberating electrons, 
which in turn overcome the -esistance of the circuit which includes 
the electrolytic cell whdre tjie two sets of ions are caused to 
. migrate in epposito directions} 

64. ^ck E.M.F. (The principle of the accumu¬ 
lator.) 

oTbo Student ebould reviee § 17 where the subject of *'back e.m.f.” in the 
voltaic cell is hrst mej^itioned. 

Exp. (1). Show tha’ the k.m.f. of a single Daaieirs cell is not sufficient 
to electrul^'ze dilute,sulphuric acid. Connect thu platinum electrodes of 
Fig. 97a to a Daniell’s cell: a few'bubbles appear at the electrodes but 
current soon falls to zero. Two or three cells in series are found to be 
sufficient for electrolysis. 

Show that there is a back e.m.f. from the electrodes by quickly switching 
them in circuit with a senbitive galvanometer—the mirror galvanometer 
of § 44: the current is found to be in the opposite direction to the battery 
current. The separated oxygen and hydrogen condensed on the anode and 
kathode respectively produce for a time an opposing potential difference 
until rccoiubn<at'on can take place by transference of electrons tlmt have 
accumulated. 

u 

Ssrp. (11). Repeat Exp. (i) substituting strips of lead* as electrodes, 
.pqntinue electrolysis lor ten minutes: then show by connecting the electrodes 
to a galvan^'’3ter’‘ tbal the back e.m.f. is more sustained than in Exp. (i). 

Accumulators oi Storage Cells or Secondary Cells. 

Plants in 1«60 showed that'k secondary cell could be built up, by charging 
in alternating directions, and discharging, the lead electrodes of the last 
experiment, which retained its ciiarge and could 8u&.ain an electromotive 
force o' about 2 vclts througii a high resistance for some considerable time. 
An indication of the reactions of cl^rging and discharging the plates is given 
by the following equations: 

At the anode (1) Pb + O 2 PbOg. 

At the kathode (2) Pb+a;H condensed or occluded hydrogen on lead. 

* Spongy lead, obtained by patting thin strips of pure zinc in a solution 
of acetate of lead, makes the Oest electrodes far this experiment. 

^ A galvanoscupe, § 42, or even an electric bell may be used to show thd 
back E.U.F. if large lead plates are used as electrodes. 
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Fftur4 in 1880 discovered thfft a muoli njbre effioien# secondary cell was 
rapidly built up by using lead plates pitted yith holes filled with^a paste of 
(1) red lead (P 1 ^ 04 ) mixed with Strang 8ulphi|ric aid for the anode (+ ’•) 
and (2) litharge (PbO) and«ulplturic acid fjf tilt kathode (- '■«). Tlie re^tions 
approximate to the fol^wing equations: ^ 

(1) Pb 304 + 20 = 3Pb02 on first charging. 

PbP 2 + H 2 S 04 : 5 :£PbS 04 + H20-h0. [Anode.] 

(2) PbO+2H 5^ Pb+HgO. * [Kathode.] 

The plates of the modem aeeamulator [e.m.f.=:^ 1 volts] are made pf 
lead in the form of an open grid, the spaces being filled with a compressed 
paste of red lead and su/|)huric dcid. The process of^charging oxidizee the 
positive plate to lead peroxide (Pb 02 ) ahd reduces the negative plate to spongy 
leaa. During discharge lead sulpHate (PbS 04 ) is formed so that the solution 
loses sulphuric aeid and becomes less dense (1*18 approx.),^ut on ehargfhg 
its density increases (1*210 approx.). The voltage may range from 2^3 to 
2 volts but should not be allowed to fall below 2 vol#s without recharging. 
The accumulator gives best results if kept in ccfhstant use, but care Bhoul4!Ni>e 
taken to avoid any sudden fall of potential by short-circuiting. 


, Questions on OrfAilrES VI 

1. Carefully state*and explain Faraday’s ‘*Law6 of Electrolysis" noli 

describe any experiments you would make to Ulustlate the of |beBe 
laws. • 

• • • • 

2. Writ,e a careful account of what takes place when an electric current 
is passed through an acidulated solution oiwater. Why is this operation 
often termed the “ electrolysis of water " ? 

8. Two carbon rods are placed separately in test-tubes containing a 
solution of common salt (NaCl) to which a few drops oF litmus have been 
added. The tubes are united by a wet strip of blotting paper. Account for 
the changes which take plage when a current is passed through the tubes 
using the rods as electrodes. * 

4. Define tb^erms ‘‘electrolyte," “electro-chemical equivalent.« State 
exactly what is meant by the statement that the eleotro-ohecaical equivalent 
of hydrogen is *00001038 and calculate the amount of copper deposited from 
copper sulphate solution by a current of 3 amperes in half an hour. 

(Ohemical |quivalent of oopper=81*6.) • 
8—2 • 
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5. Bespribe an ^ixperiment V> determin^ the eloctro-chemioal equi^lent 
of hydrogqn with full details qf the precautions necessary to obtain an 
accurate answer. What is m^mt by ** kaok e.h.f.” and how does the back 

influence the success of tki^j^xperiment? ^ 

6. What IS I a ** voltameter’/? Describe ik use and advantages as an 
accurate cihr^pt measurer, giviilg full experimental details, 

7. Describe how you would carry out experiments with a copper sulphate 
voltameter to show that the qu^htity of copper deposited in a given time is 

(a) directly proportional to the strength of the current, 

• (6) independent (^' the size of the electrodes and the strength of the 
solution, 0. L. J. 1920! 

8. Calculate the current used in the following experiment with a copper 

voltameter. , 

Weight of kathode before experiment=20 *10 grachs. 

„ ,, after ,, =21*284 grams. 

Time of experiments^ hour, e.c.e. of copper=*000329. 

Calculate the Beduction Factor of a Tangent Galvanometer from the 
following data: 

eight of kathode before experiments 18 grams. 

‘‘ « ,, aiiter „ =18*395 grams. 

Time of experiment=20 if^lns. Deflection of galvgnometersdO^ 

E.C.E. of copper= *000329. 

i\0. Give a detailed account of the “Theory of Elei^rolysis.” 

At oop;[^.voUameteV containing copper sulphate solution and copper 
electiodes and a silver volti^eter containing silver, nitrate and silver elec- 
trcnfes are'^oonneoted in series and a current is passed through them. Describe 
what takes place in each vessel and give thp relative proportions of copper 
and silver' set free by the current. (The at. wts. of copper and silver may be 
taken as 63 and 108 respectively.) Bond. Univ. 1920. ( 

11. current passed for 22 minutes through a silver voltameter in 
series with a tangent galvanometer* of 10 turns, and radius 10 cms. The 
deflection of the galvanometer needle is 45° and *423 gm. of silver is de¬ 
posited. What value does this give for the e.o.e.V silver? (H=*18, t=^.) 

W.^Desoribe the proems known as “electroplating.” .It is desired to 
plate with silve;* a metal spoon. Would it be sufficient to place the spoon 
anywhere in a solution of a silver salt through^which a currant is passing? 

IS. Describe the construction of a modern storage battery or accumulator.' 
What changes occur during thf process of charging and dischf^rging the cell? 



CHAPTElljVIl 

APPLICATIONS OF OHM’S LAW. ELEgTROMOxiVE FORCE. 

* RESISTANCE 

• 

65. The Student should carefully revise ^il-13. The analogy 
that was drawn betwaen (1) a cUtrrent of water and the electron- 
flow, (2) the presmA of w&ter in a pipe and the electromotive 
foace which forces electron's through a conductor, and (3) the 
resistance of .the channel to the passage of vjater and the 
resistante in a wire to the electron-flow, was followedthe 
consideration of the relationship between •these fundamental 
quantities as embodied in Ohm’s Iiflw; the current ilf a 
circuit va^lea directly as the electromotive force and 
Inveraely as the resistance of the circ^t.^ • 



66. The Voltmeter is a galvanometer,for wsosimmg d^cr- 
ence of ,electric pressure or potential. It is absolutely necessa^ for 
the student to distinguisli between a voltmeter and an ammSter. 
The amperemeter measure^ current : ft is placed either directly in 



Fig. 102 a. AnuiMtar in the Fig. 102 ii. Veltmetw has so 
main oirouit or as a definite bi^ ^ resistance that main 
part of the main oirouit. current is practioally unaltered. 
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the circirtt, i.e. in series wJth the battery in which case its redst- 
mce to the flow of «lectricfty should be exceedingly or, as 
a shuht, allowing a definitt\fi»jction of the current to pass through 
it, say, etc. (Fi^. 102 a.) 

A votir^ter on the other hand should be of .such high resist¬ 
ance that very little current flows through it and the effect of 
placing it in parallel in fhe circuit is negligible (Fig. 102 b). 
A tangent galvan^,meter [§ 45] consisting of a coil of very fine 
wire with many tuipis may be used as a yoltmeter; or again a 
micro-ammeter of ^the moviiig-coil type [§ >16], furnished with a 
high resistance, makes a useful Voltmeter. 

* (i).''To compare the E.M.F.’s of two qr more 

celts. 

«^The high resistance aoil of a tangent galvanometer may be 
used forjjomparing the e.m.f.’s etc.) of two or more cells by 

placing thp galvanometer and cell in series with d commutator. 
The meari ol fear readings%uBt be taken, 2 for each direction of 
the current through the gstvhnometer, in order to obtain the true 
angle of deflection^fli, dj etc.). The resistance of the coil is so great 
toiiipared t<j the resistance of the cell that the total resistance (if) 
of t|.e efe^ait remains approximately constant. Then by Ohm’s 
Imt : 

Ei = Ri-.Ci = Bxk tan 6-,, 

E^ = SxC 3 -Rxk tan dj, 

E, tan d, ( 

’' A, tan dj' 

< 

Bxp. (tt). Place (1) a DanielVa Cell, (2) a LeclancM Cell, (3) an accumu- 
tutor in aeries with the high resistanoe coil of the tangent Galvanometer [§ 45] 
of (sa>') 200 turns or the corresponding coil of the galvanoscope [§43]. Note 
the deflection in each case. Assuming the e.m.f. of the cells\o be respectively 

(1) 1*07, (2) 1*4, (3) 2*1 volts, draw a curve fpr each instrument • 

Use the curve for finding the E.u.r. of (a) a voltaic cell, (5) 2 Daniell’s cells 
ifl series, (c) a Daniell cell and a Leclanch4 cell in series. 
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Bxp. (Hi). Referring to the grouping of ifells, p. 23, ieviee an 9 xperiment 
to siiow that the S.M.F. of a battery of (a) ccUi arranged In aMriea ii equal 
to tlie eum olHhe of lu ceUe, ee^ arranged In parallel 

U tne lilgheet B.nc.F. dt tbe eet. ‘ * ' 

Baep. (It). To measure *^|ie potential difference betwein two points 
(say the terminalsjof a cell) and to show thit the potential (\fff^renoe ISUs 
off as the current between the points is Increased by lowering the 
Interrening resistance. ^ 

A high resistance tangent galvanometer or a voltmeter is connected betvieen 
the terminals^ andi/ of aDaniellcell (Fig. 103). («) v^ien no other wire con¬ 
nects the terminals, (6) ^^hen a resistance of 50 o^ras (a length of apprfix. 
5 ft. of No. 40 German iilver wirti on a reel), (c) when a resistance of 10 ohms 



(approx. 10 ft. of !Jo. 36 German silver Vile) connects A and B. Bead the 
voltage direct if a voltmeter is used, or tan. L of deflection if the high resist¬ 
ance tangent galvanometer is used Record your resufts, and note the an^<^y 
of the falling off in water-pressure where one pipe supfiliea t»\or more taps 
when fi^^t one tap and^ secondly two taps are turned on. 2 

*Bxp. (v). To adjust a miUlammctar ffnr use as voltmet^. * 

Place the milliammeter [$ 48] in series with a resistance box of (say) 
1000 ohms and a Daniell’s cell (1*07 volts): adjust the resistance so that the 
deflection is 10*7 s^le divi^ons corresponding to tffe b.u.f. of the DanielFs 
ceil. Confirm the adjustment by replacing the Danieirs|>y a Clark’esStandard 
cell (1*43 volts): the deflection shoul^be 14*3 divisions. 

67. Fall of potential along a wire. [Cf. §11.] 

AB is a uniform wire (No. 32 German Silver^) of high resist¬ 
ance stretclied over a metre scale between two binding screws 
A and B (Fig. 104). A steady current is maintained in AB from 
* Omit for first reading. 

1 Besistance (approx.) ss3 ohms pei^oot. See Appendix III. 
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a battery*(^ of (lay) 3 Da^ell’s Cells when the plug K is inserted. 
The pote»tial differerice between A ajid B is approx.^ ,3-2 volts. 



Fig. 104. 


To show that there is a cotastant foil of potential 
al6ag ja uniform wire carrying a steady current. 

Http . 1 , Coaneot the two terminals of the resistance coil of the 
tan^nt galvanometer, G, bypiyssing the connecting wires to any two points 
X and P on the wire Ah so that there is a convenient deflection (say 12®) 
which indicates a certain potential difference between X and f. Measure the 
distance XP jby taking readings on the metre scale. Kepeat several times 
altering the po&itien of X on theSeale and obtaining the same deflection for 
a new position of P. The distar^^e^XP should remain coVfitant. 

Bxp. U. Connecting X to the binding sprew A (Fig. 105), vary the 
position of Y along thi scale, and take readings of (l)«the deflection of the 



Fig. 106. 


galvanometer needle for (2) ^aofa position of P. The tangentSif the angle of 
ddlection (d), wMch is proportional to the current, may be taken to be pro¬ 
portional to the potential difference between A and P. It is found that: 

tan 6 . . 

constant. 
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. .t potential difference i , 

Plot the curve 5with aV and*a6 as axes. 

distance along wire * ^ ^ 

If we assu^ the wire to be o? uhiform th^kness and its re^stanpe pro* 
portional to its length and that a stead/cAfrent wa^maintained then the 
above equation is equAalent * 

Potential Difference 

-fc--=constant, 

IvesiHtance 

E 

which in a confirmation of Ohm’s Law^j = (;. 

68. Potentiometer metbod of finding S.M.F. 

The long thin umfonn wire^mounted on»a scale the use of 
wMch has just been descrilaj:! [(5 67] is called h Potentiometer. 
For convenience the wire is often zig-zagged symmetrically aersss 
a boai-d! The essentials are that the mre shall be fairtyjong 
(2 metres), of high buj; um/onn resixtance and*that distemces along 
the wire may be readily measured. 

Bxii. To oimpaTa the E.K.r.'s £, and K.> of two ealle. 

The - w pole of a 4 volt accumulator is 4onnected,to 4 anci l^e + pole 
to B of the potentiometer wire AB (Fig. j^06). A steady electron-flow is 
maintained jn the (Erection AB, and there is a uniform fail of potential from 



^ to 1^. The - poles of th^two cells , E^ whose b.m.f.’s are to be compared 
are connected to Ay and their +''" poles^ through a 8-way switch, are joined 
to a sensitive gAlvanoscope (G) and thence to ijhe point P which k moved 
along the wire. % 

Seeing that the negative *pole8 of the cells are joined to Ay the electron- 
flow from the main circuit opposes that of the lower galvauosoope dreuit 
and tends to «top the current or force it in the opposite direction. 
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If the difference of potentik between A and B is greater than the s.id.?. 
of each the two cel]^ Ei , there will be a point P| (say) somewhere 
along ^the j^ire such that, I hen Ei il* connected with it^ihrough G the 
opposing efectron-flowB will pldl^-e equal and oftposite pressures at A and 
the current to in the lower circuit w^V be reduced to zero, f.e. there 
will be no>ieflection of G whe(i P is connected to the potentiometer wire at 
P|. Similarly when E 2 is placed in the lower circuit, no current will pass 
through G when P is placed at ^3 (say). 

• Then the fall of potential from A to Pi=the e.m.f. Ey 
and „ „ ^toP 2 =: „ ,, E. 

and since the fall of potential is constant pfr unit ^ength along AB 

AP‘i E 2 1. 

69, Resigtance. 

In our enquiry jnto the relationship of hydrostatic pressure (P) 
ai>d current (C), we dedueed the constant ratio that exists between 

the two when the conditions are constant, and we found that this 

» ’ 

P * 

ratio of i^-Tjas^a measure o^ the resistance of the circuit. This was 

the form in which Ohm oiigVnally stated his Ig-w, in 1826, when 
he first investigate the conditions of length, section, temperature 
potential on which depend the power of a wire to conduct 
eleotricitjS. If these physical conditions are not changed then the 
ratjo RiM.F./current is constant for any circuit and is called 
the Resistance of the circuit. 

• E « 

Then ^ = R. 

R^istance ii measured in units called Ohms. 

£ * 

In the equation 77 = P, if P is required in Ohms, P must be 
(J i 

* 

expressed in volts and C in ampdres, thus 

*■ Volt! I amperes = \)hms or Volts = amph-es V Ohms. 

The practical definition oj an Ohm is,the resistance of a column 
of mercury of 1 sq. mm. cross-section and 106‘3 cms. in length ai 
OfO. 
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/ . i 

This quantity of mercury weighs r4*45^1 grams. 

N.B. Fqf relationship between A^solule (c.g.b.) ^nits and 
Practical units see § 39. 


Exp. (i). To sho^ that Vqr a given wire the ratio 

B • 

— =;a eonetant~th^ reatatanee of the wire. 

A coil (S) of insulated o.s. wire (say 12yard| of No. 32 of 
approx. 30 ohms resistance) is put in circuit with an am¬ 
meter and one Daniell’s or accumulator cell (JB) [Fig. 107|j. 

The P.E. lietween tl^e ends PQ*of the coil ^ is 
taken by the voItmetoi»r=rolts and the current 
is measured by the ammeter A = C amp6reB. Two, thfee 
Ed'S four cells in aeries are placed iu the circuit. It yill 
h E volts 

be found that the ratio -- remains approx. 

Camp&rea Pig.^Ol 

conatant, the result being given in ohms reidatanca. 

Exp. (11). To find the reaiatanee of* an Incandescent lami^by 
voltmeter and ammeter. ^ 

Having established the above ratio as a measure of the resistance, place 
a suitable voltmeter registering up to 251) vJlts across^the^meinb terminals. 

(Caution. If the voltmeter or amneet^r ha^ a + sign opposite one 
terminal, take care to connect this to the positive terminal of the main 
suppl;^ or of the batt|iy used!) • 

Actual reading, 280 volts. Place an ammeter circuit '|ith a 32 caUthS- 
power Ediswan carbon tilameut lamp (replacing S in Fig. 107) thejnaina 
(replacing the battery If in Fig. 107). Actual rending of ammeter, p*4l6^ap. 



resistance of one 32 c.p. carbon filai^ent lamp 

220 v&ts .oa V. t X 

= TF-=488 ohms (approx.). 

O 0*45 amp. \ »r ^ / 

Bepeat with ^ . 

220 volts * 

(a) 2 lamps in series. Kesnlt o-225 amp ” (approx.). 

(b) 2 lampsinparalZef. „ E= 244 ohms. 


0*9 amp. 


Suitable Eaboratory Beslstances. 


In addition to the Lamp Hesihtance Board described in Appendix 1 the 
following should be briefly (Kplained. 

WldUrg Itheostat. A thin wire of high resistance wound on a slate 
cylinder and*terminated at each end with a b&ding screw (Fig. 108) so thatftha 
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wire may ibe put in series in We circuit. Vhe current is passed through a 
longer or shorter length of the tire, i.e. through a greater or less resistance, 
by sliding the contact ^ong due metallit rod which is attaohfd to one of the 
terminals. *■ 



Fig. 108. 


^oil Blidoitat: consists o4a setof coils J?i, which may 



be brought into series in the circuit by 
a rotating contact JAii^ J being the 
junction with the metallic bosses 1, 2, 
B...at the ends of the coils, A the axis 
and H the handlsl Buch a set of coil 
resistances is used on electric trams, 
motors etc. Tbe^nergy of the current 
is dissipated in heating the coils. 

Carbon BcpUtance or Uiooetat. 
Fig. 110 is used with heavy currents 
held in^ contact in an insulated frame. 



Fig. 110. 
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Circuit is completed through t\/o adjuBtab)|f plates thilt ma; be inserted 
between the carbon plates and contact is loosened dr tightened bj means of 
an insnhited at the end of iihe^rame. ) ' ' 

UqnldBettotance. if useful form of vjfrijble 
resistaifbe for large ouArents donsists of two car¬ 
bon pencils or plates, (one ^fixod, ‘tho ojher 
adjustable and sef in a movable board), placed 
in a solution of copper sulphate or other suitable 
electrolyte (Fig. 111). It must be remembered 


J 

c, A 




• 


-.r- =• ^ 





B.M.P. of electrolysis [§ ^] \ (2) the pplvent re¬ 
quires replenishing. ^ i 

BetUta&ee Ooila and BeiiBtanoo Boxea. 


l^encil. Adjustalile 
pencil. S, Solution of 
C^per Sulphate. 


^rhe student should construotia one-ohm, two-ohij and a tive-ohm resist¬ 
ance coil [seo Wheatstone’s bridge, § 7B] using Manganin orConstantin wye. 



Fig. 112. • 

A Resistance Box is shown pi Fig. 112 eftid its constmction is explained 
by Fig. 113. In this particular resist- * 

anoe box the plug^as be|p removed 
from the 20-ohm gap, so that when the 
box is connected by its terminals (o^ 
the left) in series in the circuit current 
passes through an insulated coil of 
manganin or oonstantin wire of exactly 
20 ohms re^istancd. It is evident, in 
Fig. 118, that as a plug bridges the gap 
between A and B, but not Jietweeu B 
and C, that the resistance of the right- 
hand coil 01 ^ is in circuit. 



Fig. 113. 







126 Mectrioity ymd Magnetism, [cu. vn 

In Fig. 112 the gaps oorreepnnd to resiAanoes of 500, 200, 100, 100, 60, 
20,10,10, ti, 2, 2,1 ohms; thus,any resistance from 1 to 1000 ohms may be 
obtained. ' 

Reslslance Seri'elki.VThe student mf.y now sumjnarize 
the results o{ his practical e;jperience by wd of a diagram (Fig. 114) 


= E 

->C 

= R 

Fig. 114. 0 


+ + /'’s. 




in which points WXYZ are joined by (say) 3 conductors, so that; 

(a) the same current (C) passes through the 3 (say) resistances 
r,,^, rj arranged in series; 


(6) the total fall of potential between W and Z p: (say) is 
made up bf the fuu) of the potential differences t),, Uj etc. as each 
resistance is added to the cfrchit; , 

(c) hence, the tftal resistance of the circuit (/f)=}'i+r 3 +r, etc. 


J? • 

Thus 


but 

and 


r, r» r. 


..C = 


E 

R' 


^ E=v^ + v^ + v, etc. [§ 67^ 

^ .'. SC = r-fi + rjC + rg6 etc. 

.-. R = Fj HuTj + Tj etc. 


70. Resistance in Parallel. 

The^ conductivity of a conductor is inversely proportional to 
its resistance j(£); this quantity is called its Conductance and 
1 
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Resistance in parallel 


If we join points W anj Z, betwe^in which the p.d. is M, by 
the conductors in parallel as " 

shown in 1%. 115, we should ^ 

/1 \ /c, 

expect“the total condwda'tce (-jj) i ' ■ 0 \' 

* \l 

to equal the m.n of the several ^ 

j ^ j Vw V W-*c 

conductances -, -, - etc. re, ifs /->, \ Z 

n '■2 »-3 ^ 1,5 I 

Let Cj, Cj, Cj represent the cur- 
rents in each wire and r,, r,, r,'' 

represent the corresponding resistances, then tjie total current 
* C = 'i + Cj + C 3 etc. 

L . SEE 

uut Cl — \ Cn — ■*■ } Co — . 

r, r, • r. 


.:C = e(- +- + -letc.V, 
Vn r., r, ) 


but C = ^ 

4 =—+'-*+t 

R ri^r^ i:, ’ 

i.e. the total conductance = sum of conductance of the conductors. 


71. Shunts. 

It is often neceSSiary to send only i» fraction of th§ cu^ent 
through a sensitive instrument* or a particular part of the circuit: 
this may be accomplished Try means of 
a shunt. For iifttance^supposing you 
wished to measure a current (C) of 
several amperes flowing in a circuit and 
you were supplied with^ milliammeter, 
t e. one which measures only ths of 
an ampfere, vdiat loop line or shunt of 
resistance S could you place between 
the terminals (A, B) of thb milliammeter Fig. 116. 

* Especially the moving-coil type of galvanometer. 
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of resistooe (A; B) that^nly the main current went 

through |he instrui^e'ht (Fi^. 116) ? The current (C) divides at A 
so thfit I 

C ^oes througK the Qalv^nomef<er = C,„ 

and.-. „ Shunt'* /=(7s- 

, Let E be the p.n. between A and B, and 0 and S the resistances 
of Galvanometer afid Shunt respectively. 

Then 


E * E 
C„-gand 


. „ E , 999 ^ i: 

, ■■ TOOO^ 1000^' ,9’ 

. • • ,9 " 1 • 

nr G 1 ' 

’^'”999*^ part of 0 is to pass through the Galvanometer 

and sim^la^ly the resistance of the Shunt 

G 1 * ' 

= gg if part of C is,<to»paS8 through the galvanometer 
_ G . 1 

t*“9“l0, ” ” ” 

To find the Internal Resistance (r) of a Cell (say 
a DanielTs Cell). 

(1) Indinet Melliod. ' > 

Conneot, in Seri^, 3 Daniell OelU each of internal resistanoe r, a tangent 
Galvanometer of knov^ resistance (G) and a Pesiatance Box (B), then the 
total rci<«tancc of tVa circuit B=3r+G+i?. IfB=B.K.p.of the battery and 
Cstbe onrrent, then ^ 

r-l- 

B""3r + G + B‘' 

Let 0=angle of deflection of the Galvanometer, 
then « C=ht&n6 and ktan^xB.=£. 

E may be tpken as constant if the circuit is only completed for a thort 
time for each observation of 6. 


1 
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f t » 

Hence, varying the total resistance means of the resfttanoe box 
(JJ), take S or^ sets of obserYati<)ps of R and Jtie oo»esponding 9K Plot the 



Fig. V7. 


carve as shown in Fig. llT according to the following observations, taking 
one division on the axis of Y as representing one ohm’s resistance. 

It is seen that the three points A, B and C obtained are in a straight line 
which, produced in the direction CA, cuts the axis of Y 13 {^visions below 0 

1 A commutator should be included in the circuit and the mean of 4 g|l- 
vanometer reiKIings taken for each observatidti. 
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I > , 

To obtain the maximum current ft^is found that in grouping 

a battery of ^lls R should as ilfearl^ as possible equal ; i.t. the 

extern&l and iuterAal rosistance stiould, as nearly bs possible, 
■ equal each other. • 

73 . Wheatrtone'B Bridge. 

The simplest form of Wheatstone’s Bridge consists of a hi^- 
resistance wire D (Fig. 118), the hridgh wire f)f uniform thiclf- 
ness, stretched tightly along a sc^e, usuaDy »ne metre in length, 
between two strips of copper, and 6’, whioh together with a 
thiad strip £ are furnished \|ith binding-screes as indicated, and 
screwed to a bos.rd. These three strips are of negligible resistanae. 
It is evident that there are two gaps in which certain*rq,sist- 
ances (/?„ i? 2 )niay be inserted. A Leclanche\)r a Danioll’s cell 



is connected betwe|p A and C and the circuit completed by a key K. 
If we trace the current (>from E round the circuit we tin^ that 
it divides at A and travels, (1) & by way of the strip B and, 
(2) Cj by the wire D, to G where ft passes by the key, K, to the 
cell S again. By either rtiute the potential falls between A and Cf 
and we can find a point D in the wire where the potential ie the 
same as in the itrip B : this point is found by joininjv B tlfrongh 
a galvanoscope (current detector) to a wire which can be mov^^ 
along the bridge wire until no deflection occurs on making or 
breaking con^t at D. 

1 In soJne fonas of 'Wheatstone’s Bridge the “moving or travelling 
Contact" ie made by meafts of a tapper. * 
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. ‘ '■f '' ' 

Let resistance of ttiljpiece of bridge wire AD, of length 

■^4~ » 0 J» , ^ j) 4* 

fhenlsince the potential on B is the same as at D 

CfX^CA, 

and ' C^RjL CX- 

• h 

, -‘RXSXh' 

Sxp. 1. To fln(!^tbe nsUtanee (7?2) of a piece of wire. 

A piece of Iron wire No. 84 8.w.fL length 68 cms. was placed in the g%p J ?2 
(Fig. 118); a knoton atondard resistance {R,)-l oib^in was placed in the gap fij. 
A Daniell’s cell was ionnected, in the position E, between A and C, and one 
terminal of a mirror galvanometer G f§ 4^] was joined to B and the other to 
the moving contact J). (1) D was placed opposite the lOth^scale division, and 
on tapping K the deflection of the spot of l^t (G) was to the Ufi : (2) Dwas 
placed opposite the 9^th scale division—the spot moved to the right, hence 
neutral or “null” posifi^on of D lay betweeii the 10th and 90th scale 
division and was ultimately found to be at 37*A. 

The length ADss37‘5=fi oc when no deflection in G. 

Then BinV ^=*1 ohm and Jij/BgrrJia/Bj, 

\ 1 o hm _ 87*5 

“JiT~ 62^* 

Bi2=rX*66 0hznS. ( 

^p. ^ vbow'Jiat tbe remistanee of a piece of wire depends i^on 

*- (a) the substance of which It U ma^e and 

(b) is direeUp proportional to Its length (1), and 
, (o) Inversaiy proportional to dts eross'seetlon (a). 


Using the metre bridge (Fig. 118) and a l>ohm or 2-ohm standard resist- 
anoe in the position^ili, And the resistance, ^ 2 , of the following wires and 
tabul&e your res{.lts, thus: 


1 

E^ubstanoe 

1 

S.W.O.l 

length 1 

—T- 

cross 
(sq.cms.) 
section (a) 

li r: 

1 Ri 

1 

Bi 

Iia=X 

by cal. 

(1) Oopp^ 

No. 36 

100 cms. 

•0002927 

64 cms. 

36 ofns. 

1 ohm 

0'56 ohm 

(2) Pla^oid^ 

28 

30 „ 

•0011110 

53 „ ! 

« „ 


0^88 „ 

(8 

„ 28 

15 „ 

•0011110 

68-6 „ 

31-6 „ 


0-44 „ 

(4 .. 

„ 20 

30 „ 

•006666 

87 „ 

13 „ 


0-16 „ 

(5) Jron 

„ 36 

100 „ 

•0002927 

38 „ 

62 

2 ohms 

S‘26ohms 


1 Convenient lengths and gauges have been given. * Or other alloy of h^h resistance. 
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Badttctlotts: 

(a) from results of (5) and (1) ^ I 

Besiatanoe of Iron _ 3*25 £ „ 

BesistaAce of Copper ~ approx., 

(&) flrom results of«(2) anti (3) ^ * 

B esistance o ^BO cms. of _0’88 2 

BesIStance o^ 15 cma. of same wire ~ 0*44 ~ 1 ^ 

(c) from results bf (2) and (4) * 

Besistance of wire o f cross-section at aro^ '001111 _ 0*88 _ 6 , 

Besistance ot wire of crosB-section at area *^0500 "^(I'lS ~ 1 
Area of cross-section No. 28^.w.«, *001111 1 

Area of cross-s^ion Np. 20 s.w.o. *006^6 ” 6 ^PP^®^' 

Compare these results severally with jihe object of th^exp. 

Hence B = S>-» where l = len(Jlih of wire, a=its ceoss-sectional area and 

% * • 

^ depends on the particular material of the wire: and ^ is called the 
Specie Betistanee [§ 75]. * 

74. The Post Office Box. 

A diagram of the arrangement of resistances in Wbeatstone\Bridge is 
shown in Fig. If9. The arrangement in ^e Post Ofiice Pattern of the Bridge 
is shown diagrammaticall/in Fig. 120 anS a drawjpg ^f avV^ual Boat 
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Office Box is giveit in Fig. 1^1. The stu^nt should make a plan of the 



Fig. 121. 

« i- « * 

Note the order— A, 1000,100,^10, li, 10,100,1000, C, in the arms oorre* 
spondlng to Hi and R^. If e^ual resistance gaps are i>pened by removing 
plugs in AH and HC, /hen the Besistance in £3, when the ^'null” condition 
i^btained, will be the actual Resistance of R4, thus*. 

♦ —^ • P—T? 

* 100'"ie4* 

If the ratio of the arms Ri/Rg is 10/1 or 100/1 a correspondingly higher 
degree of accuracy is obtained in the ratio of* the arms RzIR^. 

Ri is made up of 16 coils and plugs of resistance^!, 2, 2, o, 10, 20, 20, 
60,, 100,200, 200, 600,^000, 2000, 2000, 6000 ^ma which give a range from 
1 to ll,o<K) ohms rfhistanoe. 

Bxp. Vo nuanir* accurately tSieresUtance of 100 cnu. of BiatlBOld 
Hrlro B.W.Ct. 1^. 28 toy s&aana of a F*0, Bcaictance Box. 

Measure approx. 106 cms. of lacquer covered wire. Scrape off about 2 oms. 
of the insulating covering* at one end and fix it on the binding screw C. 
Fig. 120. Measure off exactly 100 oms, and scrape the remainder of the wire 
and screw it accurately to JO so that the IQO cms. of insulated wire are 
terminated at C and D. (1) Connect B and D to a Mirror Galvanometer; 
(9) A. and C to a Daniell’s (^11 with a key in the circuit; /8) remove the 
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00 (lofinity) plug and depress ths^key: Obs. r%fi6ctlon ofispot of light to the 
right ; (4) ia^jSb the ® plug and remove the/ plug and depress the key: 
Obs. Befiectiogfis to left; tb% resistance is ifetween 1 olftn and co. 
(This is a rough test tha^the connections^are correct); (5) it was found that 
with tljree ohms resistance in the moved ts the and with 
3 ohms it moved to the le/t^ I*, iij is between 2 and 3 ohms; extracted 
, 100 ohms from ft*^d 10 ohms from JiC,*Ji 4 was found to die between 29 
and 30 ohms; (7) ^tractecf 1000 ohms from ^TJ^d 10 ohn« from BC, 
was found to be 292 ohms at the “ null” coidition. 

1000 ohms 292 ohms 

-s , ohm*. 

10 ohms R, ohms 

. • 

75. Specific Sibsistatice [$>]. 

"* Referring to the formula R = 3b~ [§ 73, Exp. ii] we can find 

the value o£ 5S>i the Specific. Hetutance, if we make l= \ and 
a = 1 sq. cm., i.e. we find the Specific Jiesistanct of a material to be 
the Tcsista/ncc of <i cube of 1 cun,, edge the passage of a st^feam 
of electrons ipoving parallel to one of its edges. • 

From the result of, the last exp.* calculate Specific 
Resistance of that particular specimen of t*latinoid, 
R-=2-92 ohms; 1 = 100 cms.; o = -001111 aq. cms. 
for No. 28 s.w.G. wire. .S = Specific Resistance, 

since ^ = WflTT’ 


.-. S) = •0000(^244 = 3244 X 10-® ohms. 


BnrMn. Frou^the results of Exp. ii, § 
anoes of Iron and Silver. ^ 


73, calculate the Specific Besist* 


• 

76. Comparison of ReBiita^fioea of Liquids. 

The Resistances offjgred by various Liquids may be comparec 
by the following device which is based on the Wheatstone’s Brid/( 
arrangement. The arms AR, BG (Fig. 1^2), contain 2 resjstancef 
(Bjf B 2 ) approximately equal, of about 30 ohms ea^h*. The am 
AjD contains an electrotyte (say dilute salt solution) in. a tub< 


1 Two low reeistance glow Icmps for instsnce. , 
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with copper temiinals pas&gd througll*'corks as show] 

■■ I' ' ' 



Fig. 122. S=Indnotion Coil. 
T=TeI«phone. 

fr=Xube with adjustable Wire. 


its resist¬ 
ance need not beSnown. The 
elecirol 3 d«s (say Coj^er Sulphate 
solution of various strepgths) 
whose ^I'sistances are to be com¬ 
pared ar^ placeth in the tube in 
thearm C?Z> in wHichan adjustable 
terminal W passes through the 
upper cork. It is necessary to 
eliminate the back e.m.f. at the 
terminals fn the electrolytes, 
'fhisjsdone bypassing cdternatiflig 
currents through the liquids from 
the secondary coil S of an in¬ 
duction cod' from which the 
condenser has been removed from 
the primary circuity The coil is 
inserted between A and l/ instead 
of a battery giving a continuous 
current. It is rtecessary to sub¬ 
stitute a telephone receiver T for 
a galvanosoope between B and D. 
On depressingtheinduction coil 
is actuated and a noise will also be 
heard ,in the telephone until the 
null condition m obtained by ad¬ 
justing X’ 4 , pushing in or with- 
When the bu 2 aing in the telephone is 


drawing the wiri W. 
reduced to a minimum, measure Ihe length L between the terminala 
which gives a measwre of Repeat the «xp. substituting other 
solutions of various strengths in W, but keeping constant. 


rnefleal Bxeroiae. Find how the resistance of a solnfion of Copper 
Sulphate (say) v'aries with the concentration. Plot a curve from your results. 
(Besutanee varies as L; concentration should be given in grams per Utta) 

* Avoid shocks by notj.adinsting W when K is depresged. 



76-77J Remtame arid Temperature 137 

apeeuic Reslitanea of a liquid may found bylhe above method, 
using a P.O. Box and a single tube W coiltduing the solution (B^). The 
area (a) of the ♦orminals in the tu^e ^ must bJknowfi; they should be equal 
and circular of radius r c»is. Then • # • * * 

• it4=S-=S’— 

\ f 

*• I ■ 

77. Resistance varies with *the Change of Teip- 
perature of the Conductor. > * 

The resistance of jotire metals 'tmreases as t^ie temperaiare rises. 
This may be shown By insetting in a 
Wheatstone’s Bridge (A’j) a sijjral of thin 
lacquer-coveretj* iron wire contained in 
a vessel of water (Fig. 123) which may 
be first cooled to 0° C. by adding ice 
and afterwards gradually raised to a • 
temperature of about 80°. A thermo¬ 
meter T and a glass stirring rod 5*arj 
necessary accessories. , Thick copj^er 
wires, insulated with lacquer, connect^ 
the spiral to the bridge’terminals B 
and C. Resistances are measured at 
intervals of 10° from 0° to 80° 0. 

(= A,... Ap) and a graph plotted which 
is found to be almost a straight linf. ^’8' 

Continue the curve to find the resistance at 100° = ifioJ. 

Then ifij, - rise te resistance oofl fir 100° C. 

• -^100 ~ -^0 _ 

■■ 100 “ 

. A ,00 ■* -^0 _ 

■ ■ A, ‘ “ 

• = percentage increase ii» resistance per U 0. 

= 0'4 °/„ for pure metals (approx.).* 

^ Uninsulated wire may be used if the coil is immersed in parsfiin oil in 
an inner vessel, surrounded by an outer water bath, the temperature of which 
may be raised* 



a resisjpnce of 1 ohm coil for 1°C. 

„ „ 100 ohm coil for 1° C. 
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If t represeriis the rise,in teiripertiture above 0° then 

= Temperalj ire Coefi^cient of Resiptance = p, 
i.e. p = R^i8tai3ce»incremeilt V,^ one ohm coil per degrea 
• • P^)' 

Dewar i^nd Fleming found that at very low temperatures the 
resistance was so much rejfiuced that at — 273" C. (the absolute 
261 * 0 ) pure metals would offer no resistance to the passage of 
electrons. ^ 

The Resistance Af Constantin or ,Euretc({ (an alloy of 40 Ni 
and 60 7^ Cu) amX'Manganin (Mn 4, Ni 12, Cu 84), wires is not 
affected by change cf tempei'ature. ^ 

' The chief 'exception to the general rule is cai‘bon, the resist¬ 
ance of which decreases greatly as its temperature rises. 

Uleetrioal BMistanee Thermometers (Fyrometers). 


The principle that resistance increases with rise in temperature is applied 
in making high temperature thcnriometei^ (pyrometers). *A dne platinum 
spiral, of'liW'wn, resistance al ordinary temperatures, is contained in a 
porcelain tube which is placed in the furnace or crucible the temperature of 
which is required. The resistalice of the coil is then measured while it is in 
the furnace. The coeficient of increase of resistance (^) being known the rise 
i^temperatur^ is caloukted from the formula JSf=iio|l + />t). 

9V* Ty^eal Bxamplei, with tiielr 0oliittea», on Chap. VXL 

jEL'ampvtf t. An electric <!ircuit consisting of a battery, tangent galvano¬ 
meter and resistance box is travtrsed byaoupentwhioh gives a deflection of 
40° when Cbere is no resistance in the box and 15° when the box contains 
10 ohms. What is th^ remaining resistance in ^he cirdMt? 

Let ^=remaining resistance in ohms; E = e.m.f. of battery and C\ and C% 
the currents throng the galvanometer. 

Ci=i:’tan40“= ^ .(a), 


Hence since 


Ci=KtaXLlS<‘ = 


E 

10+iJ 


tan40° = '8391, 


tan 16° = *2679, 


.(!>)• 


8 m_W+B 
2679 R 


i5=,4'6 ohms (approx.). 
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Example it. The total onntot from a jnain suppl| of 110 volts sent 
through a lighting circuit containing 20 Mmlps in parallel is lb ampires. 
Find the mi^^ance of each lamp# . t * 


Let JR = equivalent rtfeietanoe oT lampe ohms. 
ST resistance of eadh lamp. 

R ^ • 

Then JR=rt7r , Since lamps are in parallel [§ 70]. 

<i\) t » 


c=^. ioj?=no. 


Ii=ll and i2i=llx 20=220 ohms. 

• • 

Example in. A tota^ourrent'of C amperes flowsjjthrongh three wires in 
paakallel whose resistances arc 2,3, 4 ohmsrespectiveliji;''. Calculate the current 
in each wire. 

• * • 

Let equivalent resistance; £J=potential difference between ^le ends, 

and 0,, Cg, Os the currents in each wire. * 


0.=f, c,= f, C:,= 

E 

4 ' 

1 t 1 1 _ 18 

B“2'*'3'^4“12‘ ■ 


Now c=|. v.e^;.^ 

^ 6>#12j ,, 

lo 

Henoe C,=|l^=2i^ amps. 

Cj=l!iamp8. 


Example w. The terminals of a battery Ansisting of 3 cells inaserie 
each having an b.m.f. of 1*6 volts, and a lesistance of 1 ohm, are joined h; 
two wires in parallel, one of I ohms, the cfther of 6 ohms. Giionlate thi 
current in each wir% Let equivalent resistance tjj. wires. 

• 1 = 1 + ?:=^ • i?=2|ohm8!‘ 

•\R 6^4 20*^ 

4’8 4*8 48 X 9 

If Cssstotal current in^mp^res, then 0= ^^^ = ^ *"*470 
Let Cjscnrrent in wire of 6 ohms, (72=ouKent in wire of 4 ohms. 
Henoe ^< = g x ^ ~ (“PP™*')' 

Cj=5 X »“P- (»PPro=^-)- 
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Example V. Tb5 specific ref^stance of Etireka wire—*000048 ohm. Find 
the length of Eureka wire No. i iO, diameter *315mm. required for a resistance 
of 10 ohms" * a (- ^ 


a .A . . tot.«.l resistance x an 3a of section 
Specific refistance—^ 


lO'x 


22 


len.'^th 


length.= - 


'V 2 ; 


•UUOOJH 


^162cms. 


Questicns on Chapter VII 

1. In any simple electrical circuit what relktion exists between the 
strength of the curreUj^, the e.m.f. of the it)attery circuit and the resistance 
of the circuit? How .would you verify the relationship experimental/? 
Define the practical unhh of current, and resistance. 

2. It the resistance between the terminals of a battery is doubled, is 
there Uny alteration caused in (<^() the strength of the current, (5) the b.m.f. 
of tig^ battery ? If so, to what gxtent ? 

3. What exactly is meant by the of a cell? Describe a method of 
quickly de^rmining its value. Account for the falling off of the potential 
diference'o^^^en^the terminak wLen the current through the circuit is 
increased by lowering the external ^sistance. 

4. Describe a simple form of'voltmeter and contrast A with the ammeter. 
How is it possible to fihup a tangent galvanometer for use as a voltmeter? 

An unmikfked inst *ument for measuring electric current is handed to 
you. eharacteristics would you look for to determine whether it had 

been (.designed as (a) an adimeter, (b) a voltmeter, or (e) an instrument 
obeying the tangent law ? What Cs the relation of the ampere and the volt to 
the absolutn units of electricity? ' 

6. Describe any sin^^le^xperimentalmethodrf comparing the e.m.f.*8 of 
two givea* cells. On /vhat principles does your method depend ? 

7. Show, with simple diagrams, lA>w resistances can be connected (a) in 
series, {b) in parallel, and deduce appropriate fqnuulae for the equivalent 
fdslstanoes of the systems. 

8. Rqneat Q. 7 for cells.»Whet is meant by the internal, resistance of a 
cell ? How wou^d you quickly determine the internal resistance of a given 
Danieirs cell? How is the internal resistanceuof a simple cell altered by 
varying (a) the area of the plates, (5) their distance apart, (e) the strength 
of (he electrolyte ? 
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* #3 

9. Tlie F.T>. of a city supply is 220 voltsj Oonstruet a graph showing the 
variation in the total current passing th^oihh switchboard ^due to the 
insertion of jbccessive lamps oiloluof resistance 3(ib ohms (a) in parallel, 
(6) in series. (See AppeiJdix I.) 

10. What is a shunt ? l)escribc its use in connection with an ammeter. 

11. A galvanometer of 100 ohms resistance can only indi^te a maximum 
current of 5 amperes. What must be the value *of the shunt, used in con* 
junction with this instrument, to record currants up to 100 amps. ? 

12. It is desired to useTin ammeter reading up to one ampere and having 
a resistance of 1*5 for measuring currents ap to 10 amps. Explain 
carefully, giving all the calculations necessary, whaj would need to be done 
t0*attain this end. L.U. 1920. 

13. ^ battefy whose e.m.f. is 1*2 volts and internal rdsistance 1 obfn is 
connected in. series with a coil of resistance 5 ohms and a galvanbi^eter oi 
resistance 10 ohms. What is the current through the galvanometer ? Wha1 
will be the effect of replacing the battery by two similar cells (a) in series 
(5) in parallel ? 

• 

14. A Danioll’s cell of b.ia.f. 1*] ^lt%and ^ ohm internal |'«8istance h 
connected in series with a tangent galvanometer of #e6idtanc^‘/ohm8. Com 
pare the current passed through the gBlv&n<'^eter with that from a Leolanohi 
cell E.u.F.' 1*35 volts, interml resistance *25 ohm. 

• 

15. Under what conditions are cells used (a) ii^ parallel (6) in 8erie«? 

Four Daniell’s cells of e.u.f. 1 *1 volts and internal resistiffice ‘5 ^m an 

connected (a) in series, (&) in parallel through an external (esis^noe o 
*2 ohm. Compare the currents produced ip each case. 

If the external resistance fb increased to 20 ohms, deduce tl^p new value 
for the currents p%duced.^ State your conclusions. ^ 

16. Find the resistance of the wire which must be ^ined in pafallel witi 
a wire of 15 ohms resistance to reduc^their combined resistance to 13*5 ohms 

17. The terminals o^a battery consisting of three cells in series, eaol 
having an e.u.f. of 1 volt and a resistance of 1 ohm, are joined by two wfFe 
in series, one^of 4 ohms and the other of 5 ohgis. Give the intensity (value 

of the current which will pass through the battery. O.L.S. 1920.* 

• 

18. Two coils have a oembined resistance of 12 ohms when connected i; 
series, and If ohms when connected in parallel. Find their respeotiv 
re6i&tanoeB4 L.M. 1917« 
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19. The terminals of a batt^ry are connoted by a voltmeter vrhiob shows 
a reading of 15 volts. The t^hninals are then also joined bv wires to an 
ammeter. The ammeter regislers 1*5 airp^i^s and the voltm^oer 9 volts. 

(a) Explain drop in voltmeter leading, 

(b) Calculate the resistance of t^e battery. 

(c) Find the resistance of the ammeter w^ its leads. O.L.S. 1920. 

The S^cihc Beslstance of Platinoid wire is about *000034 ohm. 
Find the length of wire No. 26, hiam.=*457 mm. required for a resistance of 
100 ohms. 

' 21. Write a careful ^description of a resistance box. How are the coils 
made and wound? 

« 

22. Give full details^f any experiment jtrou would perform to obtain the 
resistance of a given coii of wire using an ammeter and a voltmeter. 

liS. ^ow can the resistance of an electric lamp be measured ? Draw a 
indicating the apparatus that would be used and the manner in 
which it would be connected u^.. L.TJ. 1920. 

24. Describe the method of obtaining the value of an unknown zesistanoe 
by what is'imown as the Wheatstone Bridge. Prove any formula you use. 

26. Tolt required to make a 1 ohm coil from a piece of platinoid 
wire. Give the details of the experiment, carefully stating what precautions 
are necessary to ensure aocurao^: ' 

26. In the WheatstOne’s Bridge method explain wh^ 

the finalLoridge rending should not be near the ends of the bridge, 

(ii/«it is {^vlsable to interchange the positions of the unknown resistance 
and tike resistance box, ** 

(iii) the diameter of the bridge wire shoulii be uniform. O.Ii.S. 1920. 

27. What is a Post Office Box ? Describe its oonstr^rtion and state how 

it is used in the aeenra^te determination of unkifSwn resistances. ^ 

t g 

28. Describe the Potentiometer method of comparing the e.h.f. of two 
cells. State why 

{a) the potentiometer wire should be of nniferm section and-as long as 
pobsible with convenience, 

(b) ai} aocumnlator is nsvally used to provide the main current. 

29. Describe an accurate method of obtaining the value of the internal 
wefdetance of a cell. Why do the values obtained for a given make of <^1 
•vary widely in practice? 
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units'AND DEFINITIONS.” 

HEATING EFFECTS *OF THE ELEGTHIO CURRENT 

70. I. Absolute Pnite (A-). 

The absolute unit of electrical achargg (or quantity), 

denoted by q. ’ 

If two like charge?of electricity of equal strength, placed 1 cm. 
apart, repel each other with^a force of 1 ‘dyne, each is called an 
abaolute unit charge. ^ ^ 

The absolute unit of Potential Difference ^r of 
Ei.M.F,), denoted by e. j 

If 1 erg of work is needed to movh 1 abs. unit of chargi or 
quantity, froij one point to another, against the force of as electric 
field there is said to be an unit oi l^tential Difference hetween 
the two points. 

The -absoldte electro-magn^ic (A.-E.-ni.) unit of 
Current was deified in ^ 46 and is denoted by c. 

The A.-E.-M.-unit of Resistance, ^enoted*ly r. ' 

A wire or other tonductor has the A<-a-M.-unit of Resistance 
when an absolute unit of p.d. must berfuaintained between its ends 
in order that the A.-E.-M.-unit of current may flow in ths wire. 

The A.-E.-M.-uafit of Quantity ^f electricity, denoted 
by q, is conveyed by the A.-B.-M.-unit of curren# in 1 sec.* 

11. Practical Units (P-). “ 

The Practical unit of Potential Difference (or of 
E.M.r.) [thp VoltJ. „ 

The B.M.p. of a Voltaic Cell, i.e. the p.d.‘ betweenjthe terminals 
on “open drcuit,” is mote than 100,000,000 absolute units of p.n. 

• Ept distinotion between e.m.p. atjd p.d. eee pp. 17-21. 
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t < ' 

These upits are evidently ivery small and it is therefore necessary 

for practical purpofes topncrease the unit consideral^ly. The unit 
selected is called the Volt. ^ 

’ „1 Vdit = 108 A! E.-M.-unlts crP.D. 

E expresses the b.m.f. or I'.D. in'Volt^. 

The PWlt of Curr ent [the AmpdreJ has already been 
defined [§§ 45-61]. . ' 

„ 1 Ampere s5 (or'lO'i) A.-B.-M.-unit of Current. 

C expresses the curfent in Amperes, ", 

The P-unit of Resistance [tiie Ohm]. 

^ The value of the Ohm follows from the equation which ex- 
pi'es§e& Ohm’s Law, viz. 

- Resistance, 

current 


V 01U9 

i.e. r Chms (practical units), 

4 .^mperes 


10* A.-E.-M.-units of \7 m'.'f. 


= 10' A.-E.-M.-units of Besistance, 


10"' A,-E.-M.-upits of current 

*)«< 1 Qhm = ;;L 08 A.-E.-M.-units of Jaesistance. 

B eferessM the Besistance in Ohms. 


fi’he' P-unit of Quajitity (the Coulomb) is carried by 
1 Amp^ye in 1 sec. ' 

Q expregs®, the Quantity in Qioulonlos = Ct, 

' i.e. Q cotilombs are carried by C ampere in t secs. 

1 Coulomb = (i.e. 10~i) A.-E.-M.-unlt of Quantity. 


)0. Electrical Work, Energy, Power. 

Work. From the definition given in § 79 of the absolute unit 
of P.D. 1 erg' of work is done when an absolute unit quantity of 
electricity is moved from one point to another between which’ 
t]>ere is an absolute unit qt f.d. 
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When q units are moved through a p.d. of e units qe ergs of 
work are do^e = W, 

' i.e. w = qe in absolute units. 

* * # * 

The Jou^ If the f-unit of Quantity, l*coM7oie6 (i.e. 10"* 
.A-units), is movjd through'*a p.n. of 1* Volt (i.e. 10” A-units) the 
work done is called at^oule; but, 
w = q X e, 

the P-unit of Work 10“’ x 10* --10* ergs (%.-units) 

, *= 1 coulomb X 1 Volt 4 1 Joule (P-units). 

1 Joule = 10'' ei^s. 

itence work done (IT) when Q coulomb#arc moved through 


a P.D. oPP volts = joules, ' ' 

i.e. W QB joules, .*.^), 

but 1 coulomb = quantity carried 6y 1 umpire in 1 sec. * 
V.<3 = (7<= . C „ *...(2). 

Substituting (2) in (1), 

joules .r..(3), 

i.e. ve-OtM X W eiga .^....(4), 

Energy is the capacity to do work- 
Power is the rate of doing wort 


If W ergs of work are done in a circuit in t secs, thfin rate of 

* % IT . t f 

doing work, i.e. power = — units of electrics^ power, but by 
equations (1) and (3), 

W=^M joules = CEt joules, 

W 

— = C'.® joules per sec.*.•■(S)- 

t 

^ 1 Jonle=!| df a Foot-Pound {approx.}. Work done is expressed here by 
w ergs or joules. 


as.# 


10 , 
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So tfiat the Power at which an feleotric current does work is 
equivalent to the prodj’ct of the current (in mnj^es) and the 
pressure (in volts) under which it is driven through the circuit. 

• ' Powek cjamps. x yoltsc 

Electrical power is expressed in units called Watts. 

equation (5) 1 Watt = 1 Toule per sec. 

= the power developed by a current of 1 AmpiSre driven by an 
electric pressure of 1 Volt, 
hence watts = amperes x volts. 

A Kilowatt is’lOOO Watts. 

* 

To convert Watt- into Horie-Power 

1 33000 ft.-pounds per minute 

—550 ,, „ sec. 

. [1 ft. =30*48cms., 1 pouttd=453-6 grams, p = 981.] 
=550 X 453-6 x 981 x 30*48 ergs per see. 

= 746 X 10’ ergs per sec. (approx.) 

=746 joules pec sec. 

= 740 watt* 

=1 kilowaH (approx.). 

.-. 1 kilowatt=; 1| H.-P. ( „ ). . 

A Board fi/t Trade Vslt (B.T. unit) is a Kilowait of energy kept going 
for hour^s 1 kllowatt-booTy hence B.T. units = Kilowatts x Honrs. 

[j: or worked Examples see § 85.] « 

* 

81. Heating Effect-of the Electric Current. 

I. "^e Joulp Effect. ^ „ 

The reader’^ attention was drawn in the first paragraph of 
this book to the distribution and dissipation of the electric energy 
of a current. Along a single street, for instance, the supply of 
electric energy conveyed by the town mains is utilized for lighting 
the streets and houses, for working the motors on the trams and 
in the workshops, for electroplating, for welding metals, for heating, 
cooking and ironing, for X-ray work and cauterizing at the 
hospitals and in many other ways. The conversion of electric 
on«»gy into heat energy is called the Joule effect. 
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Bzp. (1). To lUnitrat* tba eonTWBl^ of eleetile untisr to beat 

onersy—the simplest method of dissipating i^ectrickenergjr—coanect 3 or 4 
Bichromate^r Grove’s, or evAi dry-cells in series, and join the outer 
terminals by (say) an infflj length of fine rmt wire. If be ,^leck-io energy is 
dissipi^d in heat tkr%ugh(yn9 the circuitf t»ut is chiefly notioeitble in the wire 
which becomes red hot and ult^ately fnsess , 

The heating jp duo to the resistance pf the co^uctor to th» 
passage of electrons. In § 80 we fountbthat a current of C amperes 
flowing for t secs, through a p.n. of E vplts denplops Ct. E joules, 
i.e. W = Ct.tEponies .(1).' 

If the resistandte of tile conductor = know by Ohm’s 
Lajy that E= GR volts. 

Substituting in (1) 

fr= (7f. CR joules 

= C”. Rt joule^ ^ 

W = C". A’fx lO’ergs..^...(2). 

The Meclftnical Equivalent of»l falorie of Heat.wqp found* 
to be 4‘2 X 10’ ergs (called J). If tho heat dearel^ed calories, 

then w = i|6* ergs.(3), 

.-r4-2H = C2Rt ....♦.(4), 

= CtE .. 

where i? is in Calories, C in Amphres, R in Ohms, t in sec#, and 
E in volts. * 

This equation expressed in words constitutes Joule’s Law, 
viz. the number 9f uniig of heat developed^n*. conductor is pro¬ 
portional to (d) the square of the current-strength^ 

(6) the resistance of lAe conductor, 

(c) the fimathat the current flows. 

Bsp. (U). To sbew tbat H x bt [see (bl and (cl abovel the current 
remaining consflmt. 

Take two small calorimejers Jfi, ilfs, of approx, the same weight and 
shape, each fitted with a spiral (see Fig. 133) of the same kind of thin 

* See Expegimental Science, Part I, Physios, Section IV, Heat, § 16A 

10—2* 
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lacquer-covered [i.e, iu8ulated)"manganiti wire of measured lengths' l\t h> 
Gall the reBistanoe of the spiikUs ii], i22, then 

Counterpoise the ealorimeter^ add to eachexactl,^ equal weights/^! water 
which, to r^uce errors of radiation, should be cooled to a few deg’ws below 
the temp, of the laboratory at the beginning of the expe^'iment. Adjust the 
'thi(^ insulate^^oopper leading wir^, shown in ]^g. 124, to touch the water. 

f- In order to pass the same 

current through both calorimeters 
connect them in series with a 
4-Tolt accumulator (II), a tahgent 
galvanometer (t.o.) with commu¬ 
tator (Fig. 124), or an ammeter 
^(^) reading to 2 amps., a variable 
resistance (12) und a plug (A). 
Using a 0®—30° thermometer, 
Fig. 12i4. reading ^to 0*2°C., take tempera- 

* « ture readings (Tj ,Tz,T^ for Mi 

and Ti, T 4 , To for M-^) at the beginning and the end of two consecutive 
intervals of t secs, (say 10 minutes each). Reverse the-'current quickly 
between tb' ^wo intervals if d t.o. is used. By means of the adjustable 
resistance (J2), keep the current constant throughout. 

[For Exp. (iii), it is also^ecesBary to take the 4 galvanometer readings, 
and obtain the meCn (say) di° or if an ammeter is used record the current 
(say) Cl.] ( 

Ihen 

Istii^tervalltsec.) 2nd interval (t sec.) TotaUime(2t) 
(2Lj Rise in temp, of Mi =- Ts® I’d® - Ti® 
. 



It ie found that for e: 
in temp, o f 

1 ' P.ioo faiTtn ni 


[or e^h equal interval and using ^ual weights of water 
I. of li 12} 


BO that by keeping C and t constant we have shown that the H developed U 
^ proportional to the R\ 

(C) also, Rise in Temperature (proportional to Heat developed) in either 
' calorimeter is proportional to the time that the current flows, 


. Ta-Ti tsec. 1 
e.g. for if, _ y, = 2 ( “ 2 • 


> If the 2 ooiU are not of the same wire and of unknown lengths, it ii 
ffeohesar; to find the Besietanie of each coil. A useful ratio if lengths is 
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Bxp. (ili). To Bbow that c [see Joale’s Law (a)]. 

Cut out either of the Calorimeters (say) Mi juse J'jg. 124 with Afj removed) 
and repeat (ii) with exactlf the same weight of water in M^. Let the 
Temperature readings be^,'’, Tj”, aUtlje.beginnii^ and thg end of two 
equal dbnseoutive inlfervals wf ( secs, (sdy 10 minutes eac hX *et mean t.o. 
deflection —^2 or, if an ammeter is msed, k(^p the current constant at Ci, 
then it is found fof any twc^corresponding intervals for * 

Rise in Temp, in Exp. (iii) , _tan 02^ 

Rise in Temp, in Kxp. (ii) “ Tff -• ~ tan 

So that by passing different^currents through ftie same^quantity of water for 
equal times, each enrrent^remaining Constant duripg each experiment, we 
have shown that the 9eat devfioped is proportional to the square of the 
curj^ent. 

82..To And the mechanical Equlvaldni of Heat 
[Joule’s Equivalent J] by an Electrical method. 

JH = C^Et. [See § 81, Equations (l)-(4).] 

The method is identical with that of Exp. (iii), '§ B1 abov^ but it is 
necessary to knbw (1) the Resistance of Jihe coil (B), (2) the weight of water 
and the water equivalent of the calorimeter in or^ t§ mesJare the heat 
developed (B), in addition to C by t.o. or ammeter and t by the clock [use 


Fig, 124 without JI/^=:(Bay)7'5 ohms. • 

(а) To obtain B,^6e a l^eatstone’s Bridge. 

(б) To obtain H: 

(1) Weigh the empty copper calorimeter (8.^=*095) . 2f gms. 

(2) ,, ,, ,, ^ +water.T iff „ 

Wt. of cold water .....a..*. 50 „ 

add water equivalent of calorimeter (20 x *(^5)—approx.... 2 „ 

add \ra.ter equivalen^f thermometer .. 0*6,, 

Total water equivalent of calorimeter and contents. 52*5 „ 

(3) Temperature before passing ouxtent. 10®O. 

„ of Lab^ratory^ 15°. 

„ after passing current . 20°0. 

Rise in temperature of 62*5 gms. water. 10°0. 


.'. H mkss of water x rise of T.=52 *5 x fb=625 calories. * 

1 Note how radiation err&r is avoided. Bo not start the current until the 
temp, of the 6old water has risen to about 6° 1 ni(cw the temp, of laboratory 
and continue lentil the temp, of water has rii^n above lab. temp. # • 
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(c) To obtain C Qse a t.o. and commatator, reversing the current when 
the |einp. has ri|^ii to ^hdt of laboratory (mean of 4 readings ; the 
constant (fc) of the t.g. must be knot/n : 

Th<pn carrentrEfctan/^^^-^ay) 0’’5amp., tr use an ammeter. In 
either kee^ the curren^tonstant by«mean^ of the variabl6'resist¬ 
ance R Jsee Fig. 124 wit^jout ^ 

(d) To obtjMLn t: use watch with seconds-hapd =: (say) 19 mins. 40 secs. 

^ ■ = 11^5 secs.; 

then substituting in Joule’s equation JH=C^Rt 
.c- / X 525 = 0-5 X 0-5 X 7-6x1180. 

J=-26 X 7*5 X 1180/525 = 4*^1 Joules JP-units] 

' =4*2 X ergs [,*-units], 

Traetieal ExereUc. (a) Given the voltage of the local supply, suggest a 
method of finding (1) t^e current used by, a^id (2) the resistance of an electric 
glc^ lamp. Uesi^jn the calorimeter you would use and name all precautions 
necessary for safely and successfully carrying out your exp. (6) ifence how 
would* you calculate (3) ^he number of kilowatts used ^r hour, and (4) the cost 
per ^our given the price of a y.T.u. [See Example ii, § 85.] 


Exp. 


83. <11. The Seebeck Sffect was discovered by Seebeck 
in 1821... It may be illustrated by the following. ^ 

Two dissVmilUr metals, e.g. {a) copper and iron, or (5) bismuth and 
antimonyt soldered or jointed 
together, have their free ends 
joined t^hrough a mirror gal¬ 
vanometer (Figs. 125 a and 5). 
If the junction H is warmed 
to a temperature higher than 
the restof the cirenit, an e.u.f. 
is produced which drives a 
current across the junction in 
the order mentioned above and 
BO round the circuit. 

If, on the other hand, the junctidu is cooled below the rest of the circuit 
the current is reversed. , 

The effect is greatly enhanced if several couples are joined in series and 
corresponding junctions are warmed (Fig. 125 c). 



84. Ill The Peltier Effect. 

In order to obtain the Seebeck Effect heat energy was suppli^ to or take 9 
from a jnnotion, where it pas transformed to electric energy. The Peltier 
Effect is the converse of this. 
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The Peltief Ej^eet 


If an n.M.F. is supplied to the dircnits showy in Figs, isia, b, and c, so that 
the current flows in the same direction, the Jurjctions 
are cooled, i^iij the opposite direciaoi^ they are heatedT Jk t-iL 

(Fig. 126). ^ ^ \ \ 

It iltust be borne <n miij^ that the^ule Effect \ ^ 2 i i 

will diBtut-b the Peltier Effect, for thc^ temperature of \ ff \\ // 

• the metals will rise owing to their resistance to the b\ /Ffe Bv /M 

current. The Joule Effect may, however, be elimint^ted V/C^ Vy 
from a demonstration exp. by passing Gunen^through loft 

two adjacent junctions (Fig. 127). (1) B to .<4 on the 
left, and (2) A to 13, cold (C^ being developed at the first and heat (if) at the 
second by the Peltier EfffSct, while t^e Joule Effeot will go on equally at 
both junctions. If these junctiohs arc placed respe^ively in the bulbs of a 
differential air thermometer, EffSct ajters the position of the 

nercury index which therefore moves to the left. 



86. Typical Problems on Heating add Power. 

Example i. 

A current passes along t spiral of wire immersed in water contained in 
calorimeter. Calculate the p.d. between its ends from the following data: 
Wt. of oak>iimeter=:20’2gmB. 

Water equivalent of calorimeters2gms. 

Wt. of calorimeter+wafers218‘2 gms. 

Current registered by ammeter=2 amperes. 

Temp. It beginning of experiments 16^. 

Tftfip. after 15 minutesslT^C. 
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Eqniv. wt. of water s vw gms. neat detreioped in 16 mins.=400 cals. 
Now r , 1 ^ 

and when is in cals.) (7 in amps., Exn WtB, J=4*2. [Sef^2 81.] 
4-2x40f(=E>!2x]5x65. 

V . o 
. . S=;-98 volt. 

c- • , 

Example tj. 

A 40 watt is connected to a 220 volt supply oircnit. How much 
cij»Tent will it take and howiinach will it cost to run for 20 hrs. at 8d. per 
Board of Trade unit,? j 

WattB=amp8. ^ volts. [§'80.] 

V. 40=220 xC. , \ 

G = ampere. 

1 Board of Trade unit=l lulowattx 1 hr. 

ifo. of B.T.U. consumed=20=x'V=’®* ' 

Cost=*8x8 = 6-4 pence. 

^ftample Hi. ^ 

An electric radiator which takes 1*5 kibwatts is connected to mains 
which BUp})ly electricity at 200 volts pressure. Calculate (i)/>th6 strength of 
the current gassing throng the^qradiator, (ii) the resistance of the radiator, 
(iii) the nui^er of ^calories of heat produced in 1 hour. 

(1 cal.=4'2 Joules. 1 w^'tsl Joule per second.) ‘O.L.S. 1920. 

» Watts=amps, x voiU'. 

1500 = 0x200. 


.*. 0=7*6 amptoes. 

-I- —T- ' 

.*. B=28'8 olune . 

1 watti s 1^/oule per sec. t 

1-6 S.T7.= 1500 Joules per sec. 

= 15(H) X 60 X 6C Joules per hour 

. 1500x60x60 , 

= —-^72 -cals, per hour 

= 1286714 cals. 


..(ii). 
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Questions f)N* Chapter Vlll 

1. ^hat ia meant iy the ^rm “ Mecj^anical JUquivafent^at man " ? 

In thi^ connection, define the nnitj calori|, erg and Joule. 

Obtain a relation for t^e heat developed in a conducts carrying an 
electric current. Be careful to state the units in \s4iioh you aC« working. 

• 

2. How would you proceed to discover experimentally the conneotkm 
between the heat developed a coil of wire and the cuAent passing through 
it ? Describe in detail the precautions 5^ou would ta^ to ensure an accurate 
answer. 

9. vAn electric current is passq^ along a chain coroposed of alternate links 
of platinum and gilver. Tlie platinum links glow briffhtly—^hy is this? 

4. Two equally long copper and silver wires are suspended frftip two 
supports and are so connected that a current travelling along the copper wire 
returns along the silver. It is found that the cepper wire sags. Give a reason 
for this. 

The current^ now caused to flow ^ong both wires in parallel and the 
silver wire sags. Wliy is this ? 

5. Explain whyiheat is developed in^th^ wire filament of a glow lamp 
whilst the leads are quite cook 

6. What is the function of the ^^use” inserted in an elei^c Ht^hting^^ 
power circuit? 

7. Alight calorimeter contains 100 gms. of Water at 10° C. A^poil^o.s. 
wire is immersed in the water and a current of 1 amp6re is passed through, 
the r.D. between the ends of th$ wire being 28 volts. Calculate the tempera¬ 
ture at the end of 5 Ihinute^ 

8. A coil of wire of resistance 3 ohms is piaceu in|a light caidrimeter 
containing 400 gms. of water. Find the^urrent required to raise its tempera¬ 
ture 6 degrees per minute. 

9. Calculate Joule’s Equivalent hrozn the following data: 

Equjv. wt. pf waters 100 gms. 

Initial temp. = 16°C. Mean defiection of galvanometer=25°. 

Final temp. =2B°C. Reduction Factor of galvanometer for prac. units 
of onrrent=3'24. 

DurationiEkf exp. =40mins. Resistancetof colI=1 ohm. 
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10. Define watt, kilowatt, horse-power.'' State the relation between the 

watt and 1 h.p. What u.p. is^ill'be required to maintain a 50 c.p. glow lamp 
taking watts per candle power ? If jthe»p.r>. between its t^cn^inols is 236 
volts, what is the current pass\ng^ through the lilaa ent ? '''' 

11. What 'is the Board of Trade*^unit of electrical energy ? The electrical 
installation of a house consist^ of 30‘Tung.ten lamps ^oh of 50 c.p. and 
faking 1*5 wat^^ per candle power. If the maihs supply 220 volts pressure, 
what is the current required tq light all the lamps ? If the Board of Trade 
uhxt is 6d. find the cost per htur. 

12. Define the terms ampere, ohn), volt, wat't and state in what relation - 
they stand to the corresponding c.o.s. units. 

An arc lamp takes U current of 7 amperes with a p.n. of 55 volts between 
the carbons. What is ^ts apparent resisttfuoe and what power does it con¬ 
sume? L.M. 1913. 



CHAPTER IX 

POTENTIAL, CAPA.aiTy, OONDSNglffRS, ELECTKOi'HORUS, 
INFLUENCE.MACHINES 

. 

86. Charge And Potential. 

In § 3 a conductor is detined as ^ ^substance which readijj 
lonTcys electricity. The electrons in ajconducior are therefore 
:ree to move in any direction. Wj have also seen that the mutual 
•epulsion between elSctroiis •constitutes an electric pressure or 
X)t«ijJ.ial comparable to hydij)stittio pressilTe ifi a gas. 

Consider a sjiherical conductor (Fig. 128)clmrgod with asurjdus 
)f electrons (- ve) and placed in the centre of a large room^ Tfiis 



Fig. 128. , 
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- ve charge induces an equal and opposite charge on the sides and 
walls wliioh are earth connected; lines of force are stretching 
between each electron and its positfve counterpartthe walls. 
Now liner of foree may "b>i‘likened to efast'C strings; there is 
a force or tension along these strings due to the mutual attraction 
between the electrons and the inducotl + ve charges on the walls. 
‘There is alsi a mutual repulsion between each electron and those 
cr the remaining parts ot the conductor. Hence the electrons 
have a tendency to leave the conductor, being urged by forces 
which constitute a pressure 'called pot:ntial. Potentiaf may 
therefore be defined as the measurS of the condition of a body 
by virtue of which Jecitricity tends Ao flow from the body tp the 
eapth (zero pt^ntial). 

Fdsitive Potential: the potential of a conductor is said to 
be + ve when the positive direction of the current is from the body 
to the earth (i.e. the electron-flow is from the earth to the body). 

Negative Potential : the potential of a coflductor is — ve 
when the i'sctrcn-flow is from the conductor to the earth. 

an Meetroscope meainrc^' pbtentiaL 

It is important for the student, at this stage, to realize that the rise of 
,'he leaf of an eleetrosoope is a measure of its potential rather than its charge. 
For in Exp. ('f;, § 7, when the ebonite rod is brought near the electroscope the 
leaf xHm although the eleetrosoope is on tnewbole 'xnctiarged, whilst when 
the elcctroccope is “ eartbeh,” i.e. brought to zero potential, the leaf falls, 
although there is still a large+charge on Ijhe knob K, The rite of the leaf 
of the electroscope is due to the tendency of the electrons to go to earth— 
lines of force etretchinc bfiween the negatively ihargerfleaf and the earthed 
portion of the jacks* of the electroscope. 

An electroscope can only be coi^sidered to measure charge when it is 
remote from other charged bodies. 

87. The potential of a charged conductor la the 
tame at all points on its aurfhee. 

This follows from the definition of a conductor, for the electrons 
being free to move must eventually come to rest in positions where 
their mutual repulsions or pressures balance. 
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Bxp. (!)• t/barge the pear^shApod insulatad conductor^ in Fig. 129 nega- 



88. * Connection between Charg;e and Potential: 
Capacity. 

Sag?. Support a hollow metallic can oft a slab of paraffin way, its 


outside surface being connected to 
an electrosoopla by copper wire. 
Lower a charged ball into the can 
by a silh thread and allow it to 
touch the inside of die can. Observe 
the rise of the l^f. (Bemember 
rise oc potential.) Do^le the charge 
on the can by repeating the process 
and again observe tl^ deflection. 
Continue the experiment with a 
steadily increasing charge op the 
can. ^ 

Relationship between 
potential and charge.. 

It is found that the poten¬ 
tial is proportional to the 
charge, i.e. 

potential (F) oc charge {Q), 



Q 

C’ 


^ In all eKwrimsnts in Electrostatics, it js essentiai that ail the app^^na 
should^ kept absolutely dry, ^d as warm ^ possible without injuring tbe 
apparatus. 
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I ' ' , _ 

whei'e C is a constant depending on''the shape, size and position 
of the conductor. , 

' * 0 
j^a) C7f=^Q^ (b) (7= incapacity. 

I ' ' t 

This constant (C) is colled the capacity of the conrfuctor and 
equals thet.'^atio of the charge on a conductor ti;> its potential. 

^ It oaa now be nnderstoofl ^hj an electroscope may sometimes be used to 
measure the chargOy^iven to^it. For if there are no other charged bodies near, 
this charge distributes itself over Ih^^couductiug surface of the electroscope, 
and since potential is proportional to charge, th^ Jatter may be measured by 
the rise of the leaf. , 

. 89. Surface bensity. 

Although the potential of a conductor is uniform at all points, 
it hy no means follows that the electrons distribute themselves in 
a layer of uniforia density along its surface. In fact this is seldom 
the case: for in an irregnla* ly shaped conduct(tf the electrons 
tend to cftj'vrd itito the more pointed portions of its surface. 

Tbe surfkce density or the amount of 
charge per unit ar^ of a conductor may be 
,investigated by means of the proof plane. 
(Fig. 131.) 

£y means of sealing wax attach a small circular piece of copper foil, 
about the size of a sixpence, to the end of aa ebonite rod. Charge the pear- 
shaped conductor in § 87. and, holding the proof pl^ne by its insulating 
handle, place the copper ~ asc m contact with abortion of the surface of the 
oondoot'or. Now tb^ charge on a conductor resides on its outer surface [§ 9 (d)], 
therefore the charge on the surface ir contact with the disc is aoquii^d by the 
latter; if now the knob of a distant electroscope be touched by the disc of the 
proof plane, the charge on the disc may be measured by the rise of the leaf. 

It is found that the rise is greater when the proof plane has been in 
oontaot'with the pointed portions of the conductor tlu,n when it has been in 
contact with the more rounded portions. 

This result is in accordance with the electron theory; for an electron in 
the more pointed portions is in, eqaiiibriom under the various repulsive forces 
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exercised on* it by the electrons in the renyiining part^ of the conductor. 
This condition could only exist, if the pressure dt^ to the electrsns spread 
over the gr^^t^r area of the roui^ed portions were balanced by a pressure 
due to a greater charge copcentratedon th^ smaller areas of the more pointed 
portionfi. * * 

Action of points. 

We have seen ab5ve that the surface density of*the oharg^n a conductor 
is a maximum on the most pointed portiing of its surface. Where t^he 
surface actually comes to a sharp point, this i^oncentn^ion may be so great 
that the particles of air ifi the immediate vicinity acquire some of the 
charge and are repelled ^i^^y from the point along Knes of force stretching 
between the conductor and tlic sur-^ 
roufi^i^S bodies. This is kuow% as 
a **bru8h discharge” or “electric 
wind.” The glow of the discharge 
may be observed in the dark around 
the pointed portions oi any electrical 
machine in action^. It is therefore 
necessary to avoid all sliarp points in 
the constructioS^bf electrical instru¬ 
ments, condensers or aerials, which 
are designed to retam charges of elec¬ 
tricity; on the other nandjUse^is made 
of the action of pointt^wbere a quick 
discharge of electricity is required. 

Bxp. Fix a needle, bent once at right angles, to one terminaliof an 
electrical machine (Fig. 131a). Hold a lighted handle near the<»ee4jp point 
and work the machine; the rush of chared air particles, constituting the 
brush discharge, is sufficiently strong to blow the flame away. 

90. Esqieriments on Capacity. 

Sxp. L From an ebonite rod B dKed between two insulated stands is 
suspended a rectangular shpet of tin-foil weighted at onp end with a piece of 
glass tubing. Two silk fibres attached to this glass rod are threaded, as in a 
Venetian blind (Fig. 132), through holes in the foil and joined together at D. 
The foil is connected at A to an electroscope by*meaus of a wire thtead. 



' Visible during thunderstorms from lightning-oonductorB and mast¬ 
heads (St Fli^^’s Fire). 



160 


Mectridtif and Magnetism [ch. I3 

Charge the foil bj drawing^an eleotrihed ebonite rod over iuS surface anc 
note the nse of the leaf. Decrease the area of the foil by drawing up the sill 
thread at X> and obsert e that the leaf of the electroscope riMi< 

[Note: the charge on the foil bein^ the same, the potential has risen 
therefore th> baa deer<Ar«ed.] 



Fig. 132. 


Hxp, i£'*A. 80 &\> babble is blown on the end of a glass tube bent once a 
right angles and passing intc a «vater trap (Fig. 133), the other tube of th< 



Pig, 183. 


trap being connected to a piece of rubber tubing provided with a Mohr dtp 
the apparatus being fitted to an insulating stand. 



wdenSers 
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A piece of topper wire is \.»uuu xvund tii(vtabe at A and ie counccted to 
an electroscope. Charge the babble by touching the wire with an^lectrihed 
rod. Lower JihJ pressure of the gas ^nside the bubb^ by opeuing the clip; 
the reduction i,Mhe size o^e bubble is a(j()omjjanied by a rise in the leaf of 
the electroscope (/.«. etpacity^ot bubble if docreased). 

Exp, ib. Suspend, opposite to thesrectangular sheet of foy A in Exp. i, 
« similar piece li which is connoted to , 

earth by a wire E (Ffg. 134).* ■ P g 

Notice that the leaf of the electro- ^ ^ 

scope falli when 

(a) K is brought nearer* to A (i.e^ 

capacity has increased),, * ^ ^-‘ ^ 

(b) a slab of paraffin wax P ((» 

glaefi er ebonite) is inserted betweAi the J ' 

two surfaces; . |\ ^ 

and rieea (i.c. capacity has decreased) 

when \E 


(c) the area of the surfaces oxer- er=- 

lapping ie decreased, 

(d) the distaiA* between the surfaces if increased. 

This proves that the capacity of the sys^m is increased byJS^c presence 
of the “ earthed ” sheet of foil and by ihegnset^ion oj the slaXi of insulating 
material, . * e* 

Exp, Iv. Compare the tofal charge which can be*given, before leaking 
occurs, to the sheet A* “ • * 

(a) in the presence of B, (b) in the absence of Bf (c) in the f resengpsof P 
and B. 


1 be*given, before leaking 


91. OondenBerg. 

An arrangem^t of two parallel metallm plates, one*of which 
is charged and insulafbd, the other “emlfed,” constitutes a 
condenser. Our experiments have proved to usxhat fhe capacity 
of a conducting plate is greatly increased by the presence of the 
earthed plate (Pig. 13*). For when £ is neaf A, a charge of. 
opposite sign is induced on the earthed plate. Lines of force 
stretch across*the space between the plafes, “binding’ or “con¬ 
densing ” some of the charges on A to their counterparts .on £. 
The potential of A, the tendency of its charge to flow to earth, is 
thus considepibly lessened, i.e. its capa^ty is increased. The efe(jt 
B. II* 
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is more marked when certain insulating substances, such as glass, 
paraffin ‘wax or eb riite, are made the media between the plates: 
this medium is callbd the* dielectric. 

The Ct naoity^of a condenser 

K X area of the plates 
distance between the. plates * 

•t.e. C oc - , 

a 

where K is a constant (called the Specific Inductive Capacity) 
depending on the inductive properties df the medium between 
the plates. 

The Specific Tnductive Capacity of a dielectric is the 
ratio of the capacity of a condenser when its platoa are separated 
by the given dielectric, to its capacity when air only is between. 

Table of Spe^^ific Inductive Capacities. 

Air = 1 

Glass 8*45—9 9 Mica 6*33- 3 0 

Eborlte 3*15—3*48 Paraffin 2*29 

From this table it is evid<.nt that the capacity of p condenser is greatly 
increased by the pre^noe of a suitable dielectric, e.g. glass or mica. 

Types of Condenser. 

Th» Le>de& Jar. A glass bottle (Fig. 135) is coated both inside and 
outside with tin-fofl to within a few inches of 
its upper edge. The remaining portion of 
its surface is painted with shellac varnish. 
A metal rod furnished with a knob passes 
through an insulating cork and makes con¬ 
tact with the inner coating on the bottom 
of the jar by means of a diain. The two 
coatings of tin-foil, the outer of whi^ is 
usually connected to ^rth by means of a 
strip of foil, correspond to the two plates 
of the condenser already dexsrib^ (Fig. 138) 
with glass between as the dielectric. The 
p. condenser ir, charged by connecting the 

' knob to an electrical machine, e.p. indue* 

coil or Wimshurst machine [§ 93]. 
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Bzp. From the secondary terminals of ati induction coil lead two pieces 
of fuse wire e^h to one of the knobs of two Leyden^Jars—^the knobs being 
bent close t^ one another formin^a new spark gap. ^n working the coil the 
sparks are newness frequdht but much ** filter” and q^rejiril^nt. 

A batt«ry of iMfSva. Jaft In PairaJiBL ' W 

Leyden Jars may be connected “ ii» parallel ” by joining their knobs by a 
'conducting wire, tUbir outer gatings resting on a thick strip of tin-foil. 
have thus virtually increased the area of the plates? if C is tl4 total capacity 
of the system, n the number of jars, c the capaaitv of each iar. then 

Tbe Condenser of an^ZnduetioneOoU (Fig. 1^6) consists of a large 
number of sheets of tin-feil separ-* 
ated by alternate sheets of waxed 
papyri* At one corner the waxe^ 
sheets are cat away together with 
the odd numbered sheets of tin- 
foil, leaving the corners of the Fig. 136. Section ^f induction coil con- 
even numbered sheets of foil to denser^- - - waxed paper. — foil.^ 
be joined together to form one plate of the oombinedi condenser. At the 














164' 


'EhctrvAtv and Maxinetwm [ch. Tt 

opposite corner the even nunlbered sheets of foil are cut away and the 
odd Dumliered sheets ,f;a8tened together to form the other pl^te of the con¬ 
denser. [See §58.] 

Varia^le^Condensbrj^ 

Variable c'ondensers for use in Wireless Telegraphy and Telephony are 
easily constructed from matei^ials supplied ^y an electrician. Several semi- 
oircular alnniinium plates A (Fig. 187) are supported by suitable rods, and 
are set parallel to and above ine another, at a sufficient distance apart to 
allow a second set of plaiel> B fixed on a conducting spindle S to rotate 
between them without touching. The plates of(pach set are electrically con¬ 
nected but the sets themselves are'Insulated fi^m one another. 'Together 
they form a condenser, the capacity of wl.ich can* be varied by rotating the 
spindle by its insulating handle H, thVrebjv altering the effective area of the 
plates. * 

*'A scale C marks the capacity of the condenser, corresponding to the 
various positions of if. 

p _ G A very simple variable condenser (Fig. 138) 

i r~C ■ ■ ■ '3 ;^ - -1 --Z d Hjg made.frora a glass tube or an old ebonite 

w mo' 7 ? a 4 a bicycle pump, coated ou the outside with tin-foil: 

G. gSBtfbecred wHh * 

tin-foil. coating of the variable condenser. 

9a. Electrical MaV'h/fnes. 

Tbe Bleetropliortu. Into the lid of a round mustard tin pour some 
’ ipolten shellac or resin and leave it to harden. Obtacn a metal disc (Fig. 139) 
of apj)roxim$iQly equal Ciameter and at its centre attach an insulating handle. 
Charge the resin slab negatively by flicking it with /ur and place the disc on 
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the slab. Thts disc may now be«onsi(lere<^to be separated from the slab by 
a thin layer of air, as it touches at a few points only the insulating substance 
in the dish.% I^th the negative ij^arge which is repefted to the upper surface 
of the disc. Lilt the disc py its insufating handle (l^g. 140). Test the sign 
of its charge {+ ve) b^abringjpg it near ^aifti;ged electi<)Bc^.^ 

The cfiarge on the disc may be gi^en to another body by induction and 
* the operation repeated almost indefinitely. 1?he process of earthing can be 
eliminated by driviSg a smlll metal peg P (Pig.,140) tbro^^ the resin ta 
make contact both with the disc and the eaathed jacket when the former is 
placed on the slab of the electrophorus. * ^ • 

It will be noticed that thb charge on the slab remains practically the same; 
the source of the electri^t^ induced on the disc musA therefore be due to the 
work done by the operator in lifting the disc from th^slab, i.e. in overcoming 
the*ciutual attraction between tl|e induced and inducing chargea [§ 6,] 

tf 

93. • Printiple of Electrical Influence Ifflachlnes 

The principle of the more important electrical inftience 
machines may be readily understood ^y reJerring to Fig.J[41. 
A and B are two conducting splieres which* are (a) placed in 
position toudliing opposite 
ends of an insulated con¬ 
ducting wire X; {b) carried 
along paths' indicated iby 
dotted lines in theCgure so 
as to pass through holes 
in two hollow conSucting 
spheres M and JIT, which, 
fixed in position and insulated, have flexible wires (^1,, S,) pro¬ 
jecting inside tSe spHbres. Let B hav^j a» small - ve charge. 
When A and B are connected by x, electrons ate repelled* into A 
leaving B positively charged by faduction. Suppose A and B be 
now taken along their jespective paths, then asethey pass through 
the holes in M and iV, touching the small springs and they 
leave behind»them [§ 9] their respective Educed charges, thereby, 
as the process is repeated, increasing indefinitely, the charges 
already on the hollow spheres. 



‘ The paths do not lie in the same plane. 
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The Kepleniiher. 

Tbis ii^itnimeiit was designed by Ijoid Kelvin in 1867 for use in main- 
aining at a fired potei^tial the charge qn oirtain electrical in^jvments. 

A and B (Fig. 14^ are two.cjfindrically shaped pieces of faietal, insulated 
rom one anoi(her*and each fitted with a spring (a, b), 'An ebonite ro^, which 
an be rotated about a vertical ^ris, caTies with it two curved pieces of metal 
ij 02 fastened^on the ends of an ebonite arm pr^ecting at right angles from 
he rod. Two si'rings Cjti,! connected by a wire, make contact with Ci and 
I'lring a portion of their rev 9 lil'iJon. 



Fig. 142. 

< ChargSi therplate A +, 7 ely by induction. In the revolution of the arm the 
neoec^f InetSl Cj, Cg touch the springs Cj, dj; a negative charge is thus in* 
luced on Cf leaving posit'vely charged. During the subsequent motion of 
he sp&dle these charges remaiq on Cj, Cg until the latter simultaneonsly 
ouch the qorings a and b when the charges Ure imparted to A and B. The 
iharges on A and B 
>eing rotated. 

The Wlmshurat Machir.e. 

Two circular plates of glass, coated with shel,1ao varnish, are mounted on 
Ixles so that they revolve parallel and close to one another, but are geared 
» rotate in opposite directions when the handle is turned (Fig. 148). 

, O t 

Professor S. P. Thompson has explained the action of this machine by 
{Opposing the' discs to be replaced by two co«axial cylinders revolving one 
vithin the other in opposite directions. In £^g. 144 is depicted a vertical 
motion, tbe dark lines repi^senting the metallic seotors. 


thef^fora gradually aocuyiulatervhile the spindle is 
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Thin strips of metal are htteiiradially og the outer surTaces of these plates 
ind in their rotation are lightly touched by fine metallic brushes fitted into 
the ends of^» oonduotors R'S', F’Q' (Fig. 144) whiel4 are fixed dijgonally at 
right angles on opposite ^idee of tlss plates. Two i)^tallio collecting combs 
A and if embrace thenplates^ without tou^lfi^'fe them, at the ® hori¬ 

zontal diameter and are separately coniiected to the brass disd^rging knobs 
. of the maobine. 



Fig. 14^ 


Suppose a smaft negaWve charge be acquired ^ qpe of the sectors* on the 
under side of the inner cylinder. ’ In its rotation it c^es under Jhe sector 
S' repelling electrons to the sector S' leaving S' positively charged. Each 
outer sector in turn moves on from S*in the direction indented by the lowest 
arrow, and presently ootass under the comb B where it is discharged by a 
positive wind from the meshes of the comb, electrons in excess being left on 
the comb, an^ on the knob connected with ij. In the meantime the strip 
S' has come under the comb A from which electrons proceed m a brush 

• 

• When starting the machine, it is often necessary to hold an ebonite rod 
rubbed with/annel near the rotating discs as “excitant. 
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disohsrgc, leaving the comb A and the attached knob + vely charged. This 
process iB|eontinned inde&nitely as the plates rotate. 

The student is advised to study the /iffacts of the charges nnSR' and S as 
they come opposite to A' and ^ jud folldw the action of the niacbine through 
at least two ^mffiete* revolutiosis. * y, * 



9i. Lightning and Lightning Conductors. 

It i*.iifflcult to explain tie origin of the enormous difierenoes of potential 
which occur in Nature during thunder-stormsAietween neighbouring clouds or 
between a cnarged cloud apd the earth. The latter cas^^ay be regarded as 
that of a condenser on C 1^-ge scale with the olonS as one plate, the earth as 
theethef, and the ai^as the dielectric between. When the potential difference 
between them is sufficiently high the insulation of the air breaks down and a 
discharge of electricity follows in the form of a flash of lightning the duration 
e 1 r 

of which is of the order of *«<!■ The flash may be more than one mile 

in length. This enormous current heats the air in its path causing a sudden 
expansion with subsequent contraction on cooling which produces a partial 
vacnumSnto which the surrounding air rushes with tremendous force. These 
sudden expansions and contractions of the air result in the noise of the 
thunderclap. 
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The electrification of clouds w4s investiguted by Benjamin Franklin (1749) 
in his famous kite experiments, by which be proved that the prqperties of 
atmospheric^l^trioity and those qf t^e dectrio cufreij were identical. 

‘ To protect i? building ♦rom desthiotion lightii^, a broad band of 
iron is ^xed to the oatlide off but insul^eU fA)m, the buil^inf^One end of 
the band is fixed to a metal plate buried in ^et earth; the other is carried 
to the highest portiAne of the budding where it terminates in r^ds furnished 
with sharp points. The path of the lightning condMctor from^hese points tc^ 
the earth should be as direct as possible. * ^ ^ 

The action of points is well illustrated by ^le lighting conductor; for 
the presence of a neighbouring charge^cloud causes a stream of oppositely 
charged particles to flo%^m tl^e points, thus gradually discharging tlie 
electrification on the cloud. If, howe)(er, the pot^nti%j difference is so great 
that1a«Bpark discharge takes placed the conductor offeiH a straight path of low 
resistance along ^hioh the charges can flow or osciflate witj^out damaging 
the building and its surroundings. 


Questions on Chaptek IX 

• • 

1 . Given glass tubing, some copper ^ire, «ilk t&reacl, pith balls, etc., 
devise a form of apptratus for investigating ^Re arrangement of the lines of 
force in an electric field. Bra^ diagrams showing thesi'esults that would he 
obtained using (a) equaf like charges, (b) equal unlike charges. 

• 

2. Describe experim^ts to show clearly the distinction between po|^tial 
and charge^ How would you compare the dentities of the oh^jge on two 
small areas of surface? How can there be ^difference of density where there 
is no difference of potential? Oij.S. 1920. 

3. What is meant by •4 e surface density at» jftint ” ? You are given 
an insulated charged hollow pear-shaped oonduotor in wlloh a hole hfis been 
drilled at the top. Bow would yon pioceed to investigate (i) the surface 
deneity of the charge on (o) the outeide, (6) the inside eurfaces of the oon¬ 
duotor,'- (ii) the potential oi (o) the outeide, (h) the inside surfaces? What 
tesuHs would you expect? Give your reasons. 

• • • 

4. You are given a charged insulated conductor A and an uncharged 
hollow conductor B. How wcgild you proceed to obtain on B a charge^f like 
sign twice that on ^4 ? Would your method give accurate or only approximate 
results? 
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5. A body ir cnargea lo a po^onciai oi uoiis ana poBseebes a cnaige of 
Q units, ^xplain fully yhat is meant by these statements. 

In what circumst^ces may (a)' a possess a oharg^^aad be at zero 
potential, {b) be unco iged and ;7et have a potential differing from zero? 
L.M. 1918.'^. 

6. A and B are two parallel oondncting plates each separately con* 
nected to an electroscope. If A is charged and insulat^ whilst B is earth 
connected, driw diagrams of the lines of force between A and By when 

they are some distance apa^i;, {b) they are near to one another. Give the 
indication of the el^^troscop^s in each case. 'What effects follow the insertion 
of a slab of paraffin wax between the plates ? 

7. Define capacity.’^ Describe some‘simple experiments to illustrate the 
action of a condense!;, Explain ho>^ th^ leaf of an electroscope may be 
caused to diverge usinr a Daniell’s cell as the oharffinR agent r§ 141. L.M. 
1C18. 

8. * Draw a sketch of a Leyden Jar, and state whyts capacity is increased 
wh^ its outer coating is effeptively connected to earth. 

9. A roll of tin>f0il is held in an insulating stand. It is then unrolled and 
placed on a thin slab of paraffin 'lyax lying on the grounck* Account for the 
large diffei^nces ip the amount^of electricity which can be given to the foil 
in the two positions. 

10. A strongly electrified ^ass rod is fix^d in an insulating stand. An 
experimenter holds liis hand near the rod and drops pennies into a hollow 
CLn which r^^^s on an,ebonite block vertically below the rod. Account for 
the 6]||arge acquired by the can. 

11^ What is meant b/thc **action of points'' and in this connection 
explain the working of a ** lightfuing conductor ” ? Devise laboratory experi¬ 
ments to ihlnstrate on a small scale the action of a lightning conductor. 

12. What is an ^lef«trophoru8 ? Desoribe^its action, illustrating your 
answer*; by diagran:^ showing the electrification of the separate parts during 
the various st^es of the experimentt^ 

18. Describe ami carefully explain the construction and mode of working 
of some electrical machine. 
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THE GENEEATION AND PiACTIflAL APPLICATIONS 
0? Electricity 

95. The Dynamo. The dynamo gh^es us a means of tranis^ 
forming the mechanical* energy of a s^m engine, turbine, or 
water wheel into the ^drgy of the*electric current. Cables convey 
the current through small or grgat distanyes »s may be required, 
but*al any point in the exteftial circuit the <mrrent may be used 
for heating an(> lighting or directed through suitablowaachineS f»r 
power develcrpraent. 

Earth Indue cor and Simple Dyhamo (Figs. 145 a and 6). 

DemonBti;p.tlon. AB is a rectangular coil x made 
of 25 turns No. 26 copper wire. A.*kif[tting needle is tjged as the 



axis of the coil and 'passes through two brass sapporiig SiS^ 
terminating in a small handle H. The coil rotates between two 
soft iron piBars bases of wjiich. rest on a double ^j>oJe 
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electromagnet operated from the lighting mains. The ends of the 
wires from the coil are securely fastened to two brass slip rings 
. f (Fig. 146 a' \thich are insulated from the 

1 y 1 knitting needle by ebonit-e cores. Light brass 
’ O’' copper strips rest on these slip rings and 

■< tLlLr connect to two terminals from which 

* 1 » B leads run to a micro-ammeter M. 

.. ‘'SJreS* irai fSiowly but Steadily rotate the coil by 
“. ■ ** means of the handle from the vertical position 

Fig. 146. through the horizontal until it has passed 

through an angle of 180°. The needie of thd micro-ammeter moves 
in one direction at first slowly, then more rapidly as the plane of 
tjjie coil passf's throtigh the horizontal position and afterwards the 
needle gradually comes back to zero. On continuing the rotation 
of the coil through .the second half of the complete cycle the needle 
mO/es in a similar mannfir but in the opposite direction. 

(1) Eaving turned on the current through the eleotro-magnet, (2) repeat 
this experiment—turning the handle more rapidly. &plsin the effects 
produced. 

We have seen in § 41 (t) that when a wire or conductor is moved 
so that it outs linei of force in a magnetic field, an electric current 
' i^induced ig it, the direction of the current'oeing determined by 
the e^jttenslon of Amphre’s rule. 

Let Fig„ 147 (a) represent the rotation of a wire or conductor through the 
magnetic field produced by two magnetic poles N, S. Starting bom position 1, 




The Dvndmo ITS 

it is easily seen that the wire is Moving attng lines of force, not cutting 
them, and therefore no e.u.f. is produced. As it roip.tes, the strength of the 
field increasd^, gnd with it the resiLlt^nt^E.M.F. wl&oluis proportional to the 
rafe of cutting libes of force [§ 58], ubtil ii^posjtion {/this e.h.f. is a maxi¬ 
mum. jCb the wire mJVes into position e.m.f. gfadfiallj^eakens to 
zero. Under the S-pole the process is jepeated the current diSotion being, 
6f course, reversed.* 

Fig. 147 (&) shows the changes in the induced eim.f. corre^ndiug to on# 
complete revolution. • ^ ^ 

The rotation of the coil Jihrough 360** in tlus exp. fives us a complete 
electrical cycle and, as will seen on r^erence to Fi^ 147 (5), an alternating 
current is produced by the revolution of the coil in the field formed by the 
two magnetic poles. This current changes twice hi eaab complete revolution 
from*!^ro in the vertical position ^o a maximum in tfie horizontal. 

A coil rota?ed in the Ewrih^s 
field alone is called an Earth 
Inductor, but a coil rotated in 
a field increased by means of an 
electro-magnef 46 a dynamo in its , 
simplest form. In a dynamo, the 
rotating coil is called the armature 
which in its rotation euts the 
magnetic’field produced by the 
Field Magnets. 

The Simple Commutator. 

When a direct current 
quired in the ex^mal circuit, a 
split ring commutator (i'ig. 146 b) 
is substituted for the two slip 
rings. The action of the commu* 
tator is readily undefstood on 
reference to Fig. 148 (a), for, if 
ABCD reprdtents the coil, then 
when AB comes under* the N-pole 
the current generated in the coil 

by the rotation flows from jB to .4 and^ut of the machine thrgugji 
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the brush ^ (+), whilst if CD is under the N-pole (Fig. 148 h) the 
current 'now flows from C to D and out through, the brush E 
which therefore is ^till the positive* brusl^. When a commutator 
is used, th^i rise and fall'oi! -t(ie induced, is.ucr. is as repr&sented 
in Pig. 147 (c). 

On consideration of the curves showing the E. M. F. produced 
oy a simple i’.ynamo, ii is evident that owing to the corresponding 
■fluetuation of the current, a dynamo of this description is of little 
use for either lighting of heating. If however a number pf wires 
or conductors are fitted round ihe armaturp at regular intervals, 
and connected in sejies, the current is not only greatly increased, 
but is much more 'hniform, for when the E. M. p. of one cofl or 
conductor is, least, Iho E. M. F. of another will be approaching a 
maxip.nm. 


'96. The Brum Armature. 

The Drum Armature, in direct current machines is constructed 
on this principle and has no\V c&mpletely superseded all other types. 



Fig. U9. Small portable dytamo showing drum armature with, slots, 
d, Dram srliiature. S, ^eld Magnets. 








Ttie urum, Aymature 


.uo 




In this armature, grooves (Ffgs. 149, >50) are made parallel to the* 


axis of rotation at regular in¬ 
tervals along*^he curved sur-* 
face of • laminated •ylindj’ical 
iron cord which rotates be¬ 
tween the field iiJagne'ts. Tift 
conductors, which are usually 
thick strips of copper, are laid 
in these grooves, and are,suit- 
ably insulated from the* core. 
The strips thus form sets of 
coils which are connected i# 
series, by methods varying 



with the particular design, to the commutator which is situal|gd on 





Fig. ISl^Iiarge direct current Generator. B* Bnishea. C, Commutajor. 
i>, Brum armatare eho'^^ng windings, r, FieldiMagnets. 
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■ one side of the drum. Fig. 147 may now be used 'co represent 
an armature with 8 tslots, whilst Fig. 160 represents an end view 
of a drum armature with 12 slots '.vhich requires e dommutator 
with six apctiojis^i ' 

ImaginV the drum (Fig. 16(Jy to be rotated in a counter-clockwise 
direction, and apply the rule in § 41.(6) or 64; a direct current 
fwill be collected by the brushes, the current entering the external 
^circuit from the brush njaiked +. 

The segmented co%mutatoi\ 

In modern industrial practice tins nnmber of conductors wound on an 
armature is very great, necessitating a commtiator of many sections 
(Fig. 131). The making of a commutator requires careful design and clever 
workmanship in order that it may work efficiently at very high speed, e g. 
600 revolution*.' per minute. It is built up of copper segments, .with mica 
insulatmn, held together by clamp rings, which again ace insulated from the 
copper by mica cones. Brushes of high grade graphite carbon are mainly 
used. In a good commutator sparking between brush and commutator should 
be hardly perceptibb. 

97. The Field Magaets and Winding of Dynamos. 

In many dynamos the,cujrent required by the field magnets is 
obtained from the dynamS itself hy “.tapping” or “shunting” 
, current from the external circuit. On starting the machine there 
is generally sufficient residual magnetism in the field magnets to 
genet ate a small initial current, which, in sits turn, on passing 
through tne magnet circuit jpereases the field, and thus creates a 
steadily rsing e.m.f. until the maxirndm output is obtained. 

Two method|, of winding the field cofis require special 
attention. 

Suxlei Winding. In this methoddFig. 1S2 a) the field magnets are excited 
by wrapping round ^hem a few turns of stout copper wire in Mrlea with the 
external circuit, so that all the “load*” current passes round the field 
magnets. The introduction of resistance into the external circuit (e.g. lamps, 

* Mad is the term given to the work done by .the current in the external 
oirouih The quantity of this current at a constant pressure is a measure of 
the power required to operate the load, viz, the various motors, lamps’, etc. 
of the oironit. 
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motors, etc.) will therefore be accompaniecl by a redaction in the current in 
the field (^il^ and a consequent lowe^pg of theig^ncrated b.m.f. It will be 
seen theremre»tbat a small variation in the resistanjb of the external circuit 
will oa^ise big change in^he current profiiyed by tfleiyqamo.a 

• # * * it. 

ftbnift Winding. Here the field magnets are excited by coils consisting 
of a large number«of turns of tliin wire In parallel with the external circuit. 
(Fig. 152 b .) When the reaislanoe in the external (yrouit is ingreaeed, this wiM 




cause a larger fraction of the main curren^to flow in the field odils faee § 70] 
thereby producing a stronger %m.p. The current in a circuit maintained by 
a Bhnnt wound dy^^amo is therefore likely to b^ more constant than that 
maintained by a dynamo ^ioh is “ series wonnd^’ 

Compound Winding, 

To obtain a machine which will maintain a constant voltage with varying 
loads, it is found necessaiy to use a small series field iiysonjunction with the 
shunt field. This arrangement is known as Compound Winding, 

98. Elcenomical Distribution ol* Power. 

It was found in § 80 that in a dynamo 

Power developed = current x b.m.p., 

■ WATTB = AMSfcRBS X VOLTS. 
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Now one of the largest items of expense in the transmission of 
electric power from tfie. generating station to the factories, etc. is 
the high cost of verjl thick copper caSles; the greate*" the current 
(ampCTes) 6i^e thicker the raul^ that is requirefi. Consequelitly it 





Fig. 1S3. Tinbo-Altemator. The Stator (15,000 K.w. maotunej. 


is found to be fai*' more economical to use high voltages with a 
comparatively low current since a much thinner cable will carry 
the smaller current. 

E^. - 6000''watts = 6 kilowatts = 1000 volts x 6 amperes 
= 100 volts X 60 amperes. 

Tims in a modem machine generating 12,000 kilowatts as'nigh an n.u.i'. 
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as 6000 volts fs maintained: anit even withHhis voltage the cables have still* 
to carry 2000 amperes. 

* • , 

' 99. Tiiflio-Altepiatorfc 


The^ieneration of ftgh vdtages by a^(eo»current maohinj^suoh as has 
been described, would produce almost ipipossij/le conditions, ^he enormous 





Fig. 154. Turbo-Alternator. Assembling Botor. 

potential (pressure) differences between the working parts would cause leak¬ 
age and sparkiag across tlie brush contacts aiid between the commutator 
segments. In most high pijj^wer machines it is now customary io reverse the 
conditions of coil and magn^ by keeping the coils stationary while rotating 
the field magnets. This is effected by welding the coils round a hollow 
cylindrical corei(t/ir stator) (Fig. 163). A roto%(Fig. 164), an eleotromagiyt o| 
^ ‘ 12 — 2 * 
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'two or foHT poles, is then span oi'revolved at a high speed by a steam turbine, 
which also, on the same iihaft, work^a low voltage direct current dynamo in 
order to provide the exciting current for thi rotor. A high volfag^ alternating 
ourrent, wMch is oo|!el^ed without the hid of a of mmutatof or slip rings, is 
therefore pr^Mioed in the stator, ai/dt's sent alon^ cabled to distant sub'stations 
where it is transformed” in^o voltages suitable for lighting and power. 

• • 

100. Electric Rotors [see also ^53, Exp. (iii)]. 

,^zp. Place the simple dynamo described in § 95 between the' 
poles of the el'ectfo-magijet (the split ring commutator Fig. 1464 
must be substitutec^for the slip rings in^ig. 145). Connect t"he 
terminals jTj, Jlj to the terminals of a^onr-voft accumulator. When 
the current is peissed tBrough th^ magnets and the machine, it is 
found that the armature rotates at a great speed. ^ 

have seen in § 40, that a solenoid through which a current 
is passing behaves,as a magnet possessing li- and S-poles. The 
armature is in eflfect a rotating solenoid which tends to set itself 
in such .a positioh that its N-pole is opposite the S-pole of the 
field mi^gnpt. The momentjan* of rotation will hc^ever carry the 
armature'^ast tfiis position and bring into action the commutator 
(Fig. 146 4) which reverse!*,aFthe same moment fcoth the direction 
of the current anA the polarity of the "rotating solenoid. Hence 
' this rqtffry motion is continued in phases of half revolutions by 
the qptomtSic action of the commutator. 

Any suitably desired dynamo can therefore be used as a 
motor, provided that care ht taken to prevent too large a current 
from passing through ^he coils when t^ie machine is started. This 
is usually effected Cy r device made on thi principle of the sliding 
rheostat [§ 69]. ' 

101. The Magneto. 

The gases in the cylinder of an internal combustion engine, e.g. the petrol 
motor of an automobile, are exploded by means of an electrie spark. It Is 
often inKxmvenient to oariy on the car an accumulator for providing the 
neceesary cuyrent and it is therefore found tslvantageous to n^liee the 
energy of motion of the engine in the generation of this ourrent. In the mag¬ 
neto are embodied (a) a dymmg for the generation of the ourrent, (b) an 
indffOm coil for the transformation of this current into one of sufficiently 
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high Toltage fe caroBS tha g«j) ueiween the two nickel pointa of the sparking 
ping which is fitted into the head of the cylinder, j 

The ma^e^o then consiste of $, dynamof the armature of whioh is 
rotated by the engine. Arannd this hrmaigire jp woi^d a secondary coil con¬ 
sisting ^f a large nuAber ot turns of jne’wire connected t(^€ condenser. 
A rotating contact breaker in the primary circuit, actuated by either the 
engine or an electric motor, prothmes an intermittent current which induces 
a current of high B.s^r. in life secondary of sufifioiant pressure to provide thg 
necessary spark [see § 58] at the gap situatedsin the sparking plug. 

A separate starting mechanism is required to providg the initial si>bA to 
set the engine in motion, Dut when once it is started the generation of 
electricity is continued bj iheans ot th^ magneto. 

jp2. ESlectrlc Lighting.* 


Filament •(Vacuum) LampB. 

Vabuum incandescent electric lamps are too well known tfcneed 
a detailed description. The old carbon ^ament 
lamp (Fig. 156) has long ago fallen out of usst 
owing to its lo«j efficiency \ and to the steadily 
increasing opacity of the globe causf^ by the 
deposition of carbon on the glass. »Tlvk type 
has been superseded by thp metal filament lam^ 
in which the carboa filament is replaced, as a 
rule, by a length of drawn Tungsten wire. • 

The bright grey powdery metal. Tungsten, 
is compressed in a steel mould byjiydraulic 
power until the particles adhere to one another. 

They are then sdKdly welded together bj*an 
electric current, and the resulting “billet,” Irept ^Fig. 165. Carbon 
at a high temperature, is passed jn succession lamp- 

through machines which hammer it vigorously o:^all sides until it 
takes the form of a long rod. The metal is now ductile and may 
be drawn out into wire of ‘001 inch in diameter. A length of 20 
to 40 inches oi this wire is suspended in a\)ulb (Fig. 156) its ends 
being connected to the cap contacts by two platinum “leadirig-in” 



1 Bfficienoy=lumens per yatt [§ 80]. 
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Vires which pass through the cemented cap. The liulb is then 
pumped vacuous and^ fjealed the tip. 



The efficiency of the m )tallic filament lamp Ijaa bee> greatly increased in 
recent ^ears by the i&tr<riaction into the bulb of the inert gas, Nitrogen. 
The presence of thii gas, at atmospheric pressure, permits that the filament 
be maintained at a much higher ten perature than is possible in a vacuum 
and also prevents cqmbustion of the filament; consequently a much brighter 
light is given out. 

104 . Bfficiency^^of Electric Lamps. Th^“Lumen.*' 

The efflelfney of a lamp is the ratio of the light given out to the power 
expended. ^ 

A new standard of illumination, the * ‘ lumen,” has recently been adopts, 
yhic^ makes it possible to obt|ia a far better measure of total amount 
’ Efficieifcy—lumens jpr watt 80]. 
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which, measured the illumiuatiug power of a lamp In one direction only.* 
The ** is the amount of \i^}t falling ^aan area of one square foot 

held one foot f#om a standard canAe.«The total amount of light given out by a 
lamp i« measured in ^rmt of “ lumens ” by com^aigBop wit^he electrical 

power (watts) consumed, anilasureof thfefticiincy of the lamp ^ be obtained. 


Introduced 
1880 
. 1906 

1905 

1906 
1914 


Table of ^fdclen'^ies. 

* Approx, elhpiency 

Type of Filament lumens per watt 
Carbon • 2^5 

(jraphitiaed Carbon 81i5 

Tantalum • 4-5 

Tungtten (vac|fum) 7*4 
,, (gas fill^) 12*5 


Approx. temper%- 
ture of filament 
1800® C.« 
1880“C. 

1950® C. 
2050®C. 
2400®C. 


105. Wiringr. 

The wiring of a building is always carried out with the lamps in “ parallel,” 
because by this mct'^o.l (1) a defect or breakage in one lamp will Aot aSeot 
the remainder of tbs circuit, and (2) with a^constatit e.m.p. supplied by the 
generator, the addition to the circuit of more lan^s does not afi^t the 
quantity of oniyipt passing through any particular lamp. Fig. 15? represents 
a system of wiring which includes tho 9\\i*ch. 


7b Next Point 



Fig. 167. 


1 See Es^eriinental Science, PhyftM, Sect. V, L^ht, § 173. 
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106. The liilectric Arc. (Day), 1806.)' 

Fig. 1S8 illustrates an apparatus for producing an electric arc 
for use in an optical lattcrn. Toe oaj-bons are connedced through 
a suitable resistanoe\to the powef mains, (he^thicker carbon to 
the positivS',terminal. When' tb/c carbon* points are first .brought 
together, by means of a rack and screw adjustment, a large current 
flows whiob 'varms the junction ; then, whilst the current is still 
passing, the c&bons are sepr.rated to the extent of about a quarter 
of ail inch. The 4ischarge, which is called an electric arc, is 
characterized by intense heat amj light, the main sources 6f light 
being the ends of the rods. , < 



Bzp. fTo lUustrayi tbelaie. If tlie focussing lens of the optical lantern 
is removed, and the arc drawn back in the body of the lantern, it is possible, 
by means of the condenser, to project a’^brilliant and enlarged picture of the 
arc on a lantern screenr. It is observed that the brighter portion is the tip of 
the positive carbon where presently a glowing crater of hot substance is 
formed by the impact of electrons projected at great speeds froip the negative 
earbon. Bubbles of hot gas, volatilized carbon, are noticed on the negative 
pencil. Temperatures of over 3SOO°C. are developed at the end of the 
positive pencil and within the arc. The carbons gradually volatilize and 
burn away, the positive at the greater rate; it is' therefore ceoessary to 
keejl tb.im at the correct distance apart by hand adjustment or hy some 
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mitable mecbajaioal d^ce work^ by the cnyent itself. In optical lanterns,, 
<he positive carbon is made with a core of soft carbon to allow the crater 
;o form easily, the diameter being abou^twice thaji df the negative, so that 
30th may bum d^ay at approximaleIy*the same rate..^ 

Parallel Carbona, 

• 

The efficiency of many of the lamps isdowere'i by the obstrnctipn which the 
up of the negative carbon offers to*tbe light emitted from the gloying positive 
crater, so that the light is reduced in certain directions. Inithe parallel* 
two long horizontal carbon pencils are ^]^d near and parallel to gne 
mother with their ends pointing In the direcstion^where tHe light is required, 
i suitably placed electromagnet, actuate^ by part of the current, produces a 
iransverse magnetic field between Jthe two carbon tijfe, and forces the arc 
mtwarda [§ 41] thereby preventing it^from runnjpg ap the rods. By this 
nethd^an am of high candle powS and efficiency is obtained. 

• • 

107. The i^ointolite Lamp. (Ediswan Company.] 

The great advantage ^hat the arc 

amp possesses as a point-source of 
ight of great intensity, is that it 
illows the operate^, in optical work, to 
ocas rapidly and obtain the shaipeat 
lefinition. This advantage has been 
urther embodied in« the FointoUte 
noandesoent gas filled lamp (Fig. 159), 
n which an arc is formed between a 
netal ionizing filament F and a Tung* 
iten bead B (the positive element). 

The Tungsten bead becomes white hot 
md emits a light of intense concen- 
iration. As the lamp requir^ no 
attention when in ui#, it iseideal for 
>ptioal work aud for colour matching, 

;auge testing and other experiments 
vhere a small and brilliant source of 
ight is needed. 

108. Elegtric Heating, 

Electric Kettles, Irtns, Toasters, Cookers and Heater| in 
:eneral are constructed en fine principle—viz. the Joide Effect^ § 81, 
)oils and wire%of high resistance are heated by an electric current 
Q all thesf contrivances. 



Fig. 169. 
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The Electric Fum?ce and Arc-Weldin(f.r 

In the electric arc very high temperatures are developed because the great 
energy of the electric cdfrent is conver^d into heat energy in a very small 
space; the heat is, as were, concentrated: this ^ct is utilised in the electric 
furnace. 

In the iloissan type of furnace }r'ig. 160), the beat obtained from the arc, 
,, 'y >■ >1///////^’///A ^ which is formed between two thick carbon 
electrodes, is mflected^downwards on a cru- 
Containing the substance to be melted c 
again the mixture to be fused is placed 
"* Vy^ * "" in a crucible, .and a strong current pp-ssed 

\y/^^y//yy^y^'/^ between two osrbon rods immersed in the 

Ts- icA 171 X ■ Tt mixture.'By this latter process Calcium Car- 

Fig. 160. Electric Furnace. ... ,«•«, , 

> bide(CaC^ andCarborundam(SiC)arep[iade. 

In the Electric Vacuum Furnace of the General Electric Company, 
V.S.A., the ^surrent is passed through a graphite helix surrounding the 



Fig. 161. Welding by means of tbe Electric 
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object to be bfftbted, tfie whole li^g enclose^ in a steel vacuum chamber; a* 
temperature of 4000°C. has been obtairjgd by this method. 

By meani of the heat of the e^ctrio arc piecet^ol! metel may be entirely 
mfllted away, or*tut or wel^d together. Ii^the Metronolitan-Vickers Electric 
Arc Welfling Process (ftg. 16^) an arc is fornle^ betweeifa 6arbo#pencil and 
the metal to be worked. In general the^oarbon pencil, held bj^the operator 
in a specially insulated holder, fiyms tfie negative electrode, and the worked 
metal is connected td the positive pole of the elegtric supply.^A current oj 
»30(h-400 amperes is passed across the arc. V it is required*to deposit one ^ 
metal on a larger piece of another, small chippihgs of t^e former are mMted 
on to the latter by the intense heat of the arc. * 


109. The Elecftric Tfelegraph. 

f tfe norm WHUng Initrukent. Tbe Mom (ioda. 


In Lin^Telcgw-phy, signals arc usually transmitted betwgpn stations 
the Morse Code in which the letters of the alphabet and the nume^s are 
represented by dots at..' dashes (or short sounds and^ong sounds) according 
to the table below. 


'The Morse Code. 


• 

A • - 


B- 

V V- — 

Ci- 

• • 

D-- 

D- 

E • • 

T - 

I . . 

M--, 

s 

0 - 

H . • • • 


F- 

•L- 

»- 

W- 

t 1 

i ! 

A. 

E . , 

X 

J . .m ^ 

Q - 

y- 

Z-- 




1 

2 


Numerals^ 
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In the latter *a Mone Sovnder ts alao ehc^n which is constructed on the^ 
principle of a vibrating contact breaker [§ 58,] 

. In the recei^g instrument Fi^ c, a paper tape is unrolled at a uniform 

rate automatically by«ne^ns of a clock-\ff 2 ]d£^ 1 nechrfnifm# the key is 
pressed a^the distant sending station, etourrent from the line passes through 
^n electromagnet ^ drawing down a*soft it 8 n armature A, pivoted at P, 
thereby causing the inked style A* to touch the moving paper tape. The kej 
, is depressed for long or short intervals, ^cording to tht code, causing 
the style A' to remain in contact with the paper for corresponding pevods.* 
It is often found more ooi^venicnt to receive signals ^y sound using the 
Morse Sounder. 




Bxp. To Ulttstrate the Morse Soiii|^e]|.* 

Alter the connections of^n electric bell (Fig. Idb) so that the electro¬ 
magnet is placed in a circuit by itself containing 
a battery and suitable key. Bemove the bell and e 
screw in a heavy brass terminal at (7, so that 
whenever a. current passes round the magnet llie 
vibrator is drawn inwards hitting the ^crew G 
with a sharp tap. Messages can be sent by means 
of thU instrument ?n the Morse Code, the dasheS • 
and dots being represented by long and sborf 
intervals between the clicks; the signals being 
conveyed to the operator by sound ho^an give his 
attention to writing down idie message. 

It is evident that the strength of the current 
through a oirtfuit of considerable length, extei^- pjg 203 Electric Bell 
ing say from London Plymouth, would be adapted to ^uatrate 

msufdoient to work a )^or «6 sounder or similar Morse Sounder, 

instrument. A device known as a is there¬ 
fore used^by ^ich a feeble current brings eestronger one into action, 
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Bzp. To lUustrato tbo Toi(< Office Belay. 

CoDsect the brass soyew at the^jnd of the vibrator of the electric bell 
(Fig. 164) to the terminal A, which is joined to 
o*je,p61e of a four volt'accvmulator, By tin circuit 
being cC npleted from the other pole o-' the accu- 
m jlator through a model mojjjor, Af, for instance, 
to the terminaf G. On pressing the key AT, the 
vibrator being drawn towards the electromagnet, 
makes contact at C and thus permits the stronger 
current from the accumulator to work the motor. 

In recent yeafls ^by the use of a valve 

^amplifier [^12^]the relay has been modified 

for sending messages over very ereat dis- 

j tanocs. 

Fig. 164. Electric Bell, 

adai'i^d to illnstrateP.O. uq. The Duplex System isamethod 

& LeclMchStery'”'’ messagcB may be aent in two directions 

on one wire. Fig. 165 explains this system. 
When thb key at the transmitting station A is pressed, /h-) battery at this 
station sench a current along the fine wires, which are carefnlly suspended 
on telegraph poles sunk underground as insulated cables, to the receiving 
station at B where it aotuate'n suitable instrument end returns through 




the earth by means of pistes sunk into the ground. On receiving the message, 
the operator at B can reply; for by pressing his key ,s current traverses the 
circuit in the opposite direction and works the instrument at A 
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The Xhiplex 8ytt«m of sendihg single nessages on one wire in oj^oaite 4 
directions is extended to include the 4r&i^sQ)i8Bion^ 
of two mesmpes through the same v^re^one from eaSh 
emi, at the same tifiie. The tiro metbocls emsloye^ are^ 
named (a)^the IHSenntlals and (&) ^e*'iB*idge 
method. The principle of the simpler pUFerentlal 
iSystem may be e&plained bridly by tbe use of 
Fig. 166, where the simplest fdrm of receiving instri)- 
tnent, a galvanometer ((?), is shown. Tbe instnanents 
are identical at tbe two stations and both transmitted 
and received currents pass through each galvano¬ 
meter; the transmitted <^rfent, howevir, from the • 
sender’s point of view does not affect the sender’s 
galvanameter, but only tbe instruaenf at the far ^d ^ 
of the linefkThis is effected by the following device.^ 
EachgalvanometerisfumishedwithaDi^erentialcoil Fig. IGG.* B, Batterj^ 
consisting of two parts wound in opposite directions, ^,Key,i2,Adj^table 
in 6ne of which an adjustable resistance is placed so 
that the sender’s current, producing equal but oppo¬ 
site forces at the^centre of the coil, does not affect 
his galvanometer nlbdle. The received ruv<'i^, how¬ 
ever (indicated by dotted arrows in Fig. 166), passes 
in one direction only^ round the coil and ^he{efore 
affects the needle. 



^ Besistance. Full ar¬ 
rows show direoyon 
pf transmitted cur¬ 
rent, dotted arrows 
that of rgeeived cur- 
r^t. ITj^ifiewireto 
similar instrument 
at other end. 


111. The Borfteaux System (G.P.O,). • 

By the use of a very ingenious instrument it is poffsible to s^d five or sS: 

’ messages in the same dhtetion on the one wire. An electrically mainlined 
rotating and commutating device pots an opera^r into electrical coigmuni- 
cation with hu corresponding ii^trument at tbe other end of the wire for a 
fraction of a second^uring which he has time jt^t to transmit T>n6 signal. 
The other sending instruments are similarly conne^tediin turn, so that sup-* 
posing six operators are using the one wire, each can seild a signal fi^m his 
instrument every sixth interval These^ntervals are short and redur rapidly 
but regularly so that the operator can quickly accustom himself to the rate of 
working and synchronize hill tapping of the transmittfhg instrument with 
the period during which the wire is under his sole control ■ ■ ^ ^ ■ oh 

with the correspending receiver at the far station^ 

112. The BO^croyhone and Telephone. ^ 

In the telephonic fra&smission of speech by electricity, use is 
made of the feet that loose carbon cont^ts offer great variations 
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oj resistance to the passage'of a current. As the particles of carbon 
forming part of a cirpuit are ^impressed or loosened h.y the vibra¬ 
tions caused by the voice, so the Surrent in the 9 itcuit increases 
and dimLiisheB. 

Bxp. To Show cliango fit reii^tanc* with a Taryl^^S^ oontaet. 

If the two poles 01 aneleotriclftmppeii- 
dant, P, are connected in series by wires 
which carry tbe current (1) through a 
carbon filament lamp and (2) across the 
junction oi an arc lamp (Pig. 167)* only 
' a dull red glo^ is observed in the former 
when t)ie carbon pencils of the latter are 
in slibht contact; bat if the carbdu pen¬ 
cils are brought more tigh'^.y together, 
the resistance is greatly reduced so that 
^Fig. 167. P, Pendant. the incandescenyamp glows brightly. 

. 113. The Bdlcrophone Transmitter. 

The vibrations produced in the air by 
the human voice cause g, parbon dia- 
phragih y' in the ^ansmitter (Fig. 168) 
to vibrate, thereby causi.igiivariations of 
pressure on carbon granules which fill t!ie 
space between C and A. When the tele¬ 
phone is used as tiansmitter, a current 
from a local b-.ttery of cells is maintained 
across this space CA, and variations in 


• Fig. 168. . ^ Fig. 169. ■ 

this current cause corresponding variations, through^a transformer, 
atithe receiving station. '■The large variations in the resistanoe 
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which the granulA oBfer (Sjise corresponding fluctuations in the, 
current flowing into the line. 

. 114. Tke Bell Telephonic Receirer was invented by 
Graham Bell in 18>7 an^ is called *tJ»e,Telefh8u«. Tllfe current 
from theline passes through 169) and magfletizing the 

tore draws inwaMs a sh*t iron diaphragm D. The vjbrations in 
^the diaphragm of the microphonic transmitter caus^ rapid varia^ 
tions in the line current, and this changing current afleets^he 
strength of the magnetigation in the receiver, flirowing the disr 
phragm D into a vibr^tron in sympathy with tiie vibrations of the 
diaphragm of the transmits. The vibration^of the human voice 
are therefore accurately reproduced in the receiver. 

Fig. 170 reprtseuts the connections in a simple teleplAne circuit lb 
which the calilng up beil is rung from the one station oniy (on th(|ieft of 
the diagram). When the receiver on the right is on its hook, connection is 
made with the beii circjit oniy and the operStor at the other end may be 



rung up by pressing the hutton B. On taking the receiver from itj hook, 
a spring puts the telephone lb circuit and releases the bell contact; conver¬ 
sation may then prooeetl. 

B. K. • 
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8xp. Vo lUvstrato tb« aleropbono talopbojie. 

A battery and a telephone are placed in series with a micro|dione, which 
ih a simple form conshits of a long carbon 
pencil resting loosely between two con* 
ducting Bup^rts (Fig. 171). Place a 
«ratch on tne stand: the vibrrtion of its 
ueobanism causes great variations in 
the resistance of the carbon contacts, 
and produces corresponding changes in, 
the amount of corrent passing round the , 
circuit; consequently equally varying 
currents through the telephone. Thus 
the sound mad< by the working parts of 
the w|^'ch is greatly magnih^ in the 
telephone. 



Fig. 171. 




Bzp. VotAowtbattlMBeU-reoeiverautyalsobeTuedaatranimittar. 

This Bell telephone receiver was first invented for use as a transmitter; 

the j^rinciple of its working may be illustrated as 
follows: 

B is a strong electromagnet (Fig. 172) fixed in a 
verticr^ psition. 0 is a horii&ntaily placed ooU 
consisting of a large number of turns of copper wire 
whosd ands are connected to^ mioro<ammeter M‘ 
If, when a steady current is passed through the 
coil, a large sheet of iron I is moved quickly up 
and down above the pole of the electro-magnet, 
currents are induced in the ooU C by the motion of 
the iron in the magnetic field and are recorded by 
the micrp-ammeter M. 

In the Bell telei honio transmitter the vibrations 
' >f the sheet iron diaphragmtf) (Fig. 169) caused 
■ rapid v,ariations in the m ignetio fiux passing through the coils surrounding 
the electrc^magnet JOf, thereby producing by iadncttoa a correspondingly 
varying current in the line. This tra '^-smitter has, however, been superseded 
hy the miorophonio,transmitter. 



Fig. 172. K, key, S, in- 
BulateC stand. 
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Questions oi?Chapte%X 

1. A Sat oiroalartcoi]* copper vire,*8^otatft fp the Strth’e Seld. 
Explain tke prodnotion of an alternatftig current by this mtthod, stating 
.when this induce^ current, is ^a) a *niaxinfbm, (6) a zninzmnm. What 
considerations affectvtbe val^ie of the e.m.f. generated by tlfe rotation cj 
the coil? 

2. ' Carefully explain the werking of a sit^le dirat current dynamo, 
clearly indicating the functions of (a) the Armature, (b) the Field Magnets, 
(c) the>Commutator. lU^sttate bj carefully drawn dfegrams, 

8. Describe some form of d^an¥) armature «leBi|ned so as to produce a 
Btea(!/x.M.F. 

4. What faotdrs limit the use of a direct current machine^in generatiifg 
power for industrial purposes ? Give a very short desorintion of tbcAturbo- 
alternator. 

5. Write 'descriptive notes on (a) the carbon hlamant lamp, (b) the gas 
filled Tungsten ^lament lamp, (c) the Poii^olite lamp. Why a^e electric 
kmps usually arranged in parallel? 

6. Describe the various ways in whioh^an^bleotrfc arc may be used as a 
source of (a) light, (9) heat, with special reftrenoe to (a) optical projection, 
(b) electric welding. 

7. Give a description of some simple metl^d of c%nmunioatAg 
electrically between twoj[a) near, (b) distant stations. 

8. Carefully explain the use of the i^ieropl^one and telephones in the 

transmission of speech by elect^city along wires. * 



CHAPTER XI 

THE COJtSTITIJTION 0?!’ MATTER-ELECTEOUtf-X-RATS^ 
RADIO, ACTIVITY-WiaSSt-ESS TELEGBJaPHY AND tELE- 
PHONY. 

IIS. Discharee of Electricity through rarefied 
gaebe. 

The large currents used in electrical industry irapresssis; their 
use in developing power by their p/issage through coils, motors 
and other applianct). Nevertheless,^ is not by experimenting 
with large, but rather with relatively small currents, that the 
rfecent advance in electrical science has been achieved. I'he study 
of thi electric spark, and of the nature of discharge through 
rarefied gas, has IM to ,the discovery of the electron and has 
carried us a stage farther in understsinding the constitution of 
matter. . ^ r 

The'ehctric .spark produced by an induction coil [see § 68] 
appears as a pulsating innpnons streak, a lightning flash in 
miniature, and is ^eompanied by a loud crackling noise. But if 
t^ discharge takes place within a closed glars tube in which the 
pressure of^che conluined air is gradually reduced, its character 
undergoes seve-al important changes. 

„ Demonstration. Conitect a closed glass tube, about 3 feet 
long, havihg two aluininium electrodA inserted through its ends 



Fig. 178. I, Induction coil. P, Gaede air-ijmnp. 3, Battery. 
T, lube horn which air is pumped. A, Anode. K, ^Cathode. 
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(Fig. .173),'to a Qaede^ rotary air-pifmp, operated by an electr# 
motor. Ulietelefctrodes are connected “in pyallel” to the secondary 
terminals of*^ power^il induction .coil, across which a spark dis¬ 
charge is passed. 

At first, the pressure in the jube still atmospheric and no 
sparking occurs i® the tube.* But as the pressure of (Jie contained 
air falls, the resistance drops until a lon|;, bfilliaut purple discharge 
appears between the electrodes. FiirtHer redaction of pressure 
causes the luminosity (o diminish, until a dark space (Faraday 
Dark Space) appeaip flext ^o the Kathode (Fig. 174), and in the 
column are observed alterj^atipns of ,liglli; aju dark spaces called 
“striati^s.” The Kathode itself appears luminous, and from its 
surface violet ftiys appear to shoot off. The walls of the tube glifw 
• with a greenish light. 



Pig. 174. 4, Anode, AT, Kathode. P, Fasaday Dark Space. S, S, Striations. 


If a strong magnet is brought near the tube (Fig. 175]t so that a. 
horizontal transverse magnetic field flows a»ross it, Ihe disohafge 
is deflected upward hr downward, cf. § 41. 



Fig. 175. 


The various phenomena connected witfi these experiments were 
'first thoroughly inv^^gated by Sir Wm Crookes and iat^ by a 

^^zoSllent results are obtainable with this make oi pump. 
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group of British scientists led by Sir J. J. Thomson, whose con¬ 
clusions are of far reaiobing importance and are enttmerated below : 

(i) Tl^ dischaj^^consists f>i a Stream ot ultra-atCTuic corpuscles 
(eleotrona) {projected in str&igbtflines froifl the Kathode vith high 
velocity. 

(ii) Thefae electrons are negatively charged. 

(jji) The mass and cKarge of an electron are constant and|^ 
independent of tfie natu^ of the electrodes and of the gas inside 
the tube. , 

The term “ Kathpde Rays ” wasjiven to this stream of electrons. 
These conclusions may be illustrated by the following experinVents: 
t- (i) A 8t*^am of Kathode Rays is passed thrtmgh a vacuum 
tube i 1 which is inserted a metallic obstacle {e.g. Maltese Cross). 
A sharp shadow is throwp upon the walls of tke tube (Fig. 176). 




Fig. 177. 


(ii) Again in ? vacuous tube a light paddle wheel of mica is 
placed', so that the rays fall on the upper portion of the wheel: it 
rotates as if struck by a propelling stream of particles. A power¬ 
ful magnet will jleflect the rays downwards so that t^e wheel 
rotates back towards its original position (Fig. 177). 


1113. The charge on an electron and itrnuuis. 

The ratio of the charge on an eleotrbn (e)' and its mass (m) 
was obtained by Sir J. J. Thomson by observing the deflection 
produced on a stream of elertrons by uniform magnetio and eleotrio 
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fields.^ He also found the ratio «/«i by measuring the rate of fall* 
of a cloud, o4 particles of moistute oondonsad on electrons. The 
relation of tbe^charge to the tn^ was in each case the same. 

Fr6m these anH majiy other coijir^inf^eJfparimejfts it was 
found that 

(it) The electron is a*conttituent of all matter. 

' (6) The mass of an electron is the mass of an atom o? 

"hydrogen. 

(cj The charge on electro^ is equal to the charge on an 
atom of hydrogen ft electrolysis, viz. 4’77 x 10"'" electrostatic 
c.G,% units. 

PodHye Rayv. ^ 

Positively charged particles have also been discovered jn the 
discharge tube probeeding in a direction oppq^ite to the Kathode 
stream. But tlieir mass has always been found to be of atmiic 
dimensions. is therefore likely that these positively* charged 
particles are the nuclei of atoms frdta frhich electrons havg become 
separated. Consequently, it is assumed that pra8tically*the whole 
mass of the atom*is carried by the i^teus, which has a charge of 
positive electricity jjist sufficient to neutralizS the charge on its 
fow extremely light satellites, the electrons, 

117. X-Rays! (Bbntgen Bays.) 

The waves which constitute X-Rays are produced'by Sihe im¬ 
pact of a stream^of electrdhs on a solid object. 

An X-Ray tube (Fig. 178) consists of an ^most vacuous glass 
bulb in which a stream of Kathode Bays, j^ooeeding "from a 
concave negative electrode, is concentrated on one spot of a platinum 
platform T (anii-Kathoie). 

Demonatration. 

Paint thd outside of an X-Ray bulb with lamp black in order 
to get rid of thef phosphorescence caused by the Kathode^ Rays. 
Darken the room |rid f)n passing a discharge from a powerful 
induction ceil through the tube, qpthing is observed by the 
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eye. If, however, a screen toated with barium platino-cyanide is 
placed near the hulh, this chemical substance glows yvith a bluish 
phosphorescence. Thus the X-Raysj themselves invisible, may be 
detected by their'sifoct or (.prtain chemical silostances. 



Fig. 178. B6ntgen.Ray Bulb. 


If the hand is placed oi5 the side of the screen nearest the 
bulb, the X-Rays, penetrating the flesh but ^ot the bone, cast a 
sh'-dow of ^ e carpal and metacarpal bones which is clearly seen. 

BZic (i). Bep°at, substituting for the screen a photographic plate wrapped 
in black papur. Develop after exposure for 30 seconds (say). 

Bzp- (ii]{. Deflect the stream of electrons 'rom the anti-kathode by means 
of a powerful electro-magmt: the X-Eay effect djpappeau. 

Properties of Sl^-Rays. 

X-Rays have the following p-operties: 

(а) Invisible to the human eye, they consist of waves or pulses 
whose wave-length is shorter than that of light. These pulses are 
produced by the impact,of electrons. 

(б) ,jThe rays have great penetrating power, passing through 
many substances opaque to ordinary light, kg, wood, flesh, cloth, 
but are stopped by optically ^denser substances, e.g. boiie and metal. 
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(c) They may oe detected by theh: effect on certain chemicai 
substance*, g-jr^silver salts (pho9)graphic pktes), barium platino- 
cyanide, etc.* 

(dj fhey render the»gaa thro^hsVbich they pass a" conductor 
of electricity b^ liberating electrons from the atoms ^onization). 

118. Kadio-actiiiHty, 

•It has been suggested in § 10 that The atomic system ma.y be* 
not.unlike a planetary system in which the elecfron.s move around 
the central positive jiusleus. In Certain substances of high atomic 
weight such as uranium (^w. 238) and rad)'am (a.w. 226), the 
atdhSic system is supposed to be unstable and frequent miniature 
internartxploeions occur, electrons and pcStions of^the nucl^s 
being thrown out of the atom with great velocity. Three types of 
radiation are emitted from radio-active substances, viz.; 

a rays : Positively charged p.articles (heliuni) whose velocity of 
projection i»y^ velocity of light. 

/S rays: Electrons travelling with an avepagg speeJtof half the 
velocity qf light., 

y rays'. Identical witih X-Bays and caused by the sudden pro¬ 
jection and big initial acceleration of the electrons ^ the jS r^s.* 

119. The Transmutation of Elements. 

• • • 

It will readily be seen from theanew theory of the*ate«n [§ 10] 
that after the expulsion oWihe a and /3 particles, the atamic system 
must neoessaril;^be regrouped, and a new*atqjp formed possessing 
properties different from those originally observed, i.e. a reez^efewien^ 
is produced. This has been prqyed by Rutherfoi’d’s work on the 
transmutation of elements, by which he has sl^wn that Uranium 
is the parent of a long chain of elements in which are included 
Radium, Polonium, and Lead. 
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WIR^ilLBSS TiSLEGRAPHY. 

<,Just.thta-t-the tii^4t flash of en|gi'gy «■ 
started beyond the fiithest reach of space 
Makes ripples Uiat will spread until the rings 
Circling in the black pool of time will touch 
All other forms pf energy and light. 

, From The Ohm’s Book, Edgar Lke Mastbbs. 

120. Demonstration. An electrically driven tuning fork 
(Pig. 179) has a bent .metal tongue or “Ripper” {P), attached to one 
of its prongs, whict dips into a trough of water or mercury. 
Tvm on the,purrent And the fork is set into rapid vibration, pro- 
ducing^by the up and down motion of the dipper, ever increasing 
wave rings in the liquid. Snocks of lycopodium floating quietly on 



Fig‘. 179. B, i9E)ttery. F, Large Tuning fork, d. Contact breaker. 
t Water. P, vibratiip; point, ilf, Electro-magnet. 


I . ^ 

the surface some distapee away from the^centr% of the disturb¬ 
ance are agitated By tfce wave motion, moving not laterally but 
vertically, .whilst tne wave passes on in an ever widening circle. 

These waves have a definite dUocUy (vel. of wave motion = r) 
and a definite wavVj-length (\), whilst a dsfinite number («) pass 
a lycopodium speck in a given interval of time. It follows that 
F = nX. ‘ r 

Thjs experiment, which may be “projeeted ” on a screen very 
successfully by means of an optical lantem,'^i^u8trates the chief 
facts of wave motion. In t\ii8 chapter we shall deal with electric 
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wave^ produced in the ether o/^ace|§4] by a vibrating, or as i# 
is termed^ aa ohillatory electric current. 

• • • 

121. Relon%noe or TdniM. • 

. • • 

Bxp. (i) A and B are two simplf pendulums t 
•suspended from athorizont;^ fl^ible ^ath cUftnp^ ^ r:=:=:^r=====±==^ 
to an upright stand (Fig. 180). It is found, when the •' 

strings are unequal in length, that if one pe^lulum • ' 

‘is s€ft into vibration the other ^ill remains at^rest: ► 

if, however, the lengths qf the strir^s are aade 
exactly equal, the motion the moving pendulum^ 
is oommunioated to its^eighbotfr and both vibrate 
togsliier. ' 

Obtain two tuning forks of equal pitch, 
mounted on resonance boxes. Strike one fork ana % 

hold it a short distance from the other. Next silence 
the vibrating fork with the fingers; the note of the. 
second fork is then distinct!; heard. * | 

This pbaifto^enon known as Sespnance '' .• 

or Tuning illustrates a fact of ‘gi^at im- 
portance in the study of Wireless T^egra'^hy; that any wave 
motidn is communicated to, or detecfihd by a suitable instrument 
having the same frequency as the vibrating instrument jproducin^ 
the motion; i.e. when the producer and receiver give d|it or respond ■ 
to waves of the sanJe wave-lengths. 


182. Condenser UjlBcharge—Oscillatory Circuit. • 

In Fig. 181 ff is i%strated a method ef obtaining a brilliant 
spark discharge using a Leyden jar as Son3%nser. Ona of the ' 
terminals of an induction coil is connected to the4:nob of a 
Leyden jar. The second terminal is joined to the outer coating 
of the jar by a wire wfiich is continued by a piece of stout copper 
wire attached to a second knob thus forming the spark-gap S'. 
On passing a current through the coH a succession ot sparks 
cross the gap 5'. * ^ ' • 

It was shown fcy Kelvin in 1863, that when a condenser is 
discharged In this manner, the eleotricitv does not simply rush 
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'ooross the spark-gap in onfc direction, but surges backwards and 
forwards, charging aaji discharging the condenstr in successive 
cycles until its energy is frittered' away and damped by the 
resistanoe'if thd' circfiit. 



C, Oondenser. eP, Gonnection to influence maobine or coil. 


An electrical circuit, such as this, containing,,a condenser 
(Fig. 181 c) is known as an oscillatory circuit, owing to the fact that 
an oscillating current of high frequency traverses the circuit 
C, A, S'", B, whenever a spai^k crosses the gap S'". This rtipidly 
alternating current constitutes an electrically vibrating source, 
and, as Cfier]LMaxwel.l predicted in 1863, produces waves in the 
ether rihich travel out with the velocity of light. 

123. Electrical Resoiiance Tuning. 

^ These electric waveC" may be detected in a vefjl simple manner 
by means of an expiorimtnt devised by Sir Oliver Lodge (Fig. 181 i). 
A similar circuit consisting of a^ Leyden jar, spark-gap S", and 
parallel wires x, y, connected by a sliding contact t, is placed a 
short distance away from the transmitting"apparatus (Fig. 181 o). 
Whenever the key is pressed in the primary circuit, a spark will 
pass across the gap S" at the same time as it passes across S', 
provided that S" is not more than ill width and thaji the 
second circuit is placed in tune with the fir^> by adjusting the 
p<^tion of the sliding contact (t). 
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1S4. Hhe 'dork onkarconi^ 

In his first^ experiments ]Vh,rconi substituted “ aerials ” or 
“antennae” J^g. 184 for the eon^enser C 


in the air between two insnjatod*mast4f 
The other knob waS “ earthed ” by connect¬ 
ing, it to a metal plate E sunk in tl» 
ground. Similar wires Mnrfected the ter-^ 
minajs of thedetectoru^dinthe r«!eiving 
apparatus. This sysffem maj»be regarded 
as ascondenser, the aerial «d^he earth i 1 i\nsmitter 
constitMing tjje plates with the air as 
the dielectric between them. On charging 

and discharging Ac aerial by means of _ 

the coil, the electricity surges backwards ^ 

and forwards across the spark-gap and , 

by its 08 cillat!( 8 i produces waves in 4!he *, 

ether which travel opt with the velocity <>-•■ — 

of ligiit. • ' ■ — ^ A 

For types ot aerials, see Fig. 184. 

Coupled Oscfllatory Circuits. • * '-i 

The' “ open ” oscillatory circuit has 
many disadvantages, the chief being,% • 

(a) leakage of energy in l^ush discharges due to the high voltag.. 
required to produce tl^e requisite power, qpd (b) breakdown of in¬ 
sulation of the aerial in wet weather. It»wdl therefore qdvanfer 
geouB to return to the closed oscillatory circuit Fig. 183 #nd operate 
by induction on the aerial. Thfc is known as a coupled circuit, 
lafi. The Transmitter. 


%ig. 182. ^Ejprthed wire, 
SparI(fGap and Serial. 


Fig. 185 explains itself. A coil of wire L containinj' a large 
npmber of turns is introduced into the* closed oscillatory circuit 
of § 122, BO as to Jay mutual induction on a coil 9 which 
connects th^ aeria? and the earth plate. By altering the capacity 
of the eondenser C and the number hf^turns in the coil £ ^ can 
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bring this circuit^'in tuii6’« with the^ria.1, so that, when a serief 
of sparks passe^across S, and produces an oscillating current in the 
circuit CiyS^a, similar curr^t Js induced^n the aerial which in 
ils tqfn senui/iout^ tjain of dlecti1c,waves« Ihe con»eotions of 
the corsesponding reoefving pirc»it *are based on th» same prin- 

• ciple, the wavejength qf tl^ recfeiving'circuit being “tuned” to 

that of the sendiitg station. •* 

k 

* 126. The Crystal Detector. 

"One of the simplrat 
and most efficient methods 
for, the detection and re- 
oeptionaiil electric waves 
is in the use of certain 
crystals such as carborun¬ 
dum, zincite-chalcopyrite 
(“ Perikon zincite-tel¬ 
lurium. ItT# fbund that 
if a suitable crystal is 
held Jketween tarn metal 
supports (Fig. 185) it 
conducts electricitytnuch 
better in one direction 
than the other. Consequently, if the cr^tal is^klaced in a closed 
oscillatory circuit, the current in *bne direction will *be Vamppd 
down whilst th^ current 5i the other direction will pAs through 
unimpeded. Thus the* crystal acts as a jectsfier converting the , 
alternating current into a current flowing in o^e direction. 

In order to convert the elettric waves into sound waves for 
the purposes of receiving, a high resistance telephone is also intro¬ 
duced into the crystal circuit. When a train of waves reaches 
the receive* it is transformed by the cjystal into a “ one way 
ouirmit whose ^fect to exert a pull on the diaphragm of the 
telephone produeingm riiarp click. If the key at the transfliitting 
station is d^ressea for a short time we get a senes of sparks of 
di^nite*^frequency. Eaoh sj^’k prodnqjss ijs own group of 
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^hich in its turn causes a click in the telephone. ^ succession 
of clicks is therefore heard as a ouzzing note for as long a time 
as the key .in the send 'ng station ia pressed. By depressing the 
key for Irng or ..hcH intervale, communication in the Morse 
Code is made possible. 




— 

._ 1 !. 



127. The Receiving Station. 

As in transmission, so, ’n reception it was found that the best 
results were obtained when the’ 
aerial was used to operate by in¬ 
duction on ' he receiving circuit. 
> p)an of a receiving circi^it is 
shown in Fig. 186, iij^ which .a 
crystal £ is used as the detector. 
In practice, the crystal works 
far more efficiently if a steady 
potential difference is maintained 
between its endae ‘¥uis is applied 
by means of a battery and poten- 
tiometer (not shown in figure). 
7777777 ^ It is important that the receiving 

, Fig. 186. K^iving Station with circuit andt the aerial circuit 
’ * should be both in tune with one 

another and with the transmitting station. This is accomplished by 
varying the capacity of the ctndenser and the number of turns in 
the coils. ‘ 

128. The Tbei^onic Valve 
and its use in connection vtrlth 
Wireleis Telegraphy and Tele¬ 
phony. I 

A notable advance in the science of 
, Wireless Telegraphy was made in 1904 
I , 11 11 I by a discovery of Fleming and bis in- 

Hjll * ^ ||-1 |M vention of the Tbdrmionio Valve. The 

vajve consists of a vacuum glow lamp, 
naming ValvC;; oentaining ^ Tungsten, filament' V (fig. 
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187) and a*tnetal plate The file^ent is heated to inca% 
desoe'nce by mqans of an auxili^ battery 5,. A filament in this 
(mndition eipits (-ve) electi»n% # 

but oadinarUy'theai eltotrons re- * 
main inlthe neighbourhood of the « 
filament. If however a potential * 
difference is appli^ between the 
plate and the filament by the 
battery so that the ylafe has 
a positive potential wit^ respect • 
to the filament, ef streanf of 
elestrons is drawn acres# tlfe 
ffite^eUi^ space and may be 
recorded by the galvanometer G. 

Qn the other hand; il the plate P 
is of negative potential with re¬ 
spect tothefilament, theelectrons 
are repelled anS Recurrent passes. 

If the plate P is connected either 
directly, or, by ihduction, to an 
aerial (Fig. 188), the pdtential of P will alllbmately be positive^ 
or negative, and tlierefore, during one half of e^ch* complete 
oscillation a current* will pass between F and P. This instjument 
can therefore be likened to a valve, for a turren# dhn pass Jhrough 
it in one direction only. I^a telephrae (Fig. 188) is included in tiie 
circuit, it will emit a musical notewhenevereiignals, caused by waves 
in the ether of suitable wave-length, reach* thf^ceiving station. 





• Phones 

Fig.«188. Jledlivmg Station wii 
^ » Fleming Valve. 


120. The Tiiode Valv^or Amplifier. 

The efiScienoy of thj Fleming Valve was ggeatly improved, in 
1913, by De Forest who insert^ a grid 0, consisting of a wire 
mesh or spiral, between the filament F and the plate A, steady 
B.u.F. is applied across the space betw^n the plate A and the 
filament F by a liatt^y^f dry cells (about 60 volts)* so th#t A is 

* The X.U.S. reouir^ varies with the particular form of valve in use. 
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jharged to a positive potential with respect to the filapjent. If the 
hlament is hosted to incandescence, this positive charge draws a 
I, steady streaij^ of electrons from the hot 
iV filament into the plat^,telephone cj,rouit. 
(Fig. 180.) 

' Suppose however that the grid Q is 
subjected to a varying potential. When¬ 
ever G has a negative charge the electrons 
are driven back, and no electrons reach the 
plate through the meshes of the’grid.' On 
the other hand if G hall a positive potential, 
vhe electron ,fl»w is assisted by the presence 
of the grid, and a large currenfcrill'pass 
across to A and enter the telephone circuit. 
Very small changes of^ potential on the 
grH cause great current differences in the 
telephones, these currents being derived 
Valve, from tlje battery which hd!»S*lhe filament, 
eno , sttern. practice the grid is connected to the 

aerials (Fig. 190), and any,signals which reach 4he valve preate 
small, rapid variations of potential in the grid, which, in their 
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turn, prodiwe grSatly airi^lffied direcljCuiTents in the plate filament 
circrfit, in whi^h the telephoneNa placed. 


130. Tuning Coll. 

Ih Fig. 19l is (JfepiS^pd a tuning appgfratu* wliith hag*been found 
•Extremely useful for receptien |pi bot^ Wireless Telegraphy and 
Telephony. Tlfe coil i,,diameter 3•2", contains 135 turns of copper 
wire, No. 28 single laydr. The reaction cnil coi^fains 62 turns 
of No. 28 wire wound on a cylinder ?’76" diameter which jnoved 
in^de the coil i,. Tuning is effected»(a) by introducing new 
turns (“ tappings ”)^in*o the coH by switching oyer the dial 
contact P; (h) by moving ^^le coil to an|J fro within the outer 
^c^’by means of the rod i? * ’ 



* Fig. 191. Tuning Coil. 

The Recelvlag Station (Fig. 190).* 

Thirteen or fourteen four-volt |ash ISmp bat(erie&pr^vide the 
K. M. F. across the filament^late gap, a four-volt accumulator being 
used to heat tile filaigent. C, and Cj arf» variable condensers of 
maximum capacities '005 and •001 microfaraS^respectively: B is 
a small blocking condenser across the phones, 8 a “gri4 leak” of 2 
megohms resistance. A Cossar^alve may be used. The apparatus 
is capable of receiving*waves from 200-1800 hietres (\). 


131. WlrelcM Telephony. 

The waves'i)rodu(^ by the passage*of a spark,across a gap 
are “damped” w*ves, t.e. waves whose amplitude ftoadily 
diminish^, ^d whSse energy quickly dies away. These waves are 

14-« • 
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useless for the transmission, of speech; &d for Ifihis purpose un¬ 
damped or continuous waves are fcnployed. One hf the gr^test 
advantages of the trioL'e valve is ■ thtt under oertaip conditions 
it can be i4ade to W(i cojitipuous waves, i.e. v./avfls of constant 
amplitude. 

Fig. 192 represents a simple and efficient trausBiitting set for a 
wireless telepljone. On'careful examination of the connections it 
Vill be seen that it consists; (Sf two domd oscillatory circuits, viz. the 
plate circuit P, L, (7„ F foontaining theagrial, earth and conden¬ 
ser d,) and the grid cisiuit A,C^,6\F (containing the grid condenser 


/■\ 



Fig. 192. 


Let us suppo8e«th^ an electric oscillation reemhes the aeiial: 
this will cr^te an Alternating potential in the grid and hence an 
oscillatory current in the grid rircuit. The variations in the 
potential of the grid will correspondingly, affect the strength of 
the current that is driven across the space FP and therefore will 
produce >an oscillatory current in the plate circuit. It the grid and 
plate circuits are properiy tuned, these altematfn^ currents, by 
reacting on and reinforcing one another, wub maintain their flow 
and cause a continuous oscillating current to bb dev^pped, which 
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on p^ingTihrpugh the Toil Z^ives^riae to a train of continuots 
waves pKjaetra into space from the aerial.* 

When (#ie valve is oacftlating oontiiAiou^ waves of constant 
amplitude are seSt out from the aifriil. But if a miSrophone is 
Inserted in the system at M tffe resiifanoe of the %erial circuit 
is altered by 8peaking*int» the microphone [see § J14], and the 
strength of the alternating current in’ the aerjals is altertid 
correspondingly, as the diaphragm viljrates njider the iniuhno^ 
of-the sound waves. 'The amplitude bf the waves emitted is 
theibfore affected, *an8 thfse ^aves, in ttm, on reaching the 
receiving aerials cause cofjesponding ch^njM in the potential of 
lUlfi^ii^^hich affect the thermionic current. These changes in 
the current Scross the vacuous space in’ the valje, by being 
passed through a^ series of valve amplifiers are magnified further, 
to such an extent, that the human vc^ce cam be reproduced with 
great accuracy in the telephones. 

Questions on'CSaptee XI 

1. Contrast tl^ apj^arance and ch^ac^or of an eleotrio spark in air 
(o) at* atmospheric pressure, (b) at very loi# pressures in a discharge tube. 

2. What is an elfctron? Describe the experiments which led to ifip 

discovery and to the indication of its properties. ’ 

3. What do these Experiments teach us of the nature of the atom and 

the constitution of matter 7 * 

i. Describe the produoticjp and properties of X-Eays and tiow how they 
differ from Eatho jo Bays._ How would you prepuce a radiogra^ of a foreign 
body in the forearm 7 

5. What do yon understand by Badio-aotivity? What gre the chief 
radio-active substances and what eaidence is there for the assumption that 
they are constantly ohangjng their nature? 

6. What are the characteristics of a condenser discharge and how is such 
a disoharge zjjade nse of in the production of eleotrio waves? , 

7. Give a shbi^ account of either (a) a crystal detector, (fi) a thermionio 
valve for use in the rec^xign of wireless signals. 

8. For w^t purjAse are the following required in a Transmitting set: 
(a) aeria^, (b) spark-gap, (c) condenser, (d^ indi}ition coil 7 



APPENDIX I 

Lpjnp ReBiatance ^ard. 

A suitable resistaiioe''board, giving resistances varying from 
80-3000 ohms and sifttable for u& wi^h th6 lamp mains, is sHbwn 
in Fig. 193 a. The af.pa,ratus may .be^ut together in the school 
workshop. Two main wires with terminals at A and 



Metal Wax Wire 

Figs. 198 a and h. 


ively pMs round the underside of a boajf, Aown in the plan, 
and are imbedded in grooves filled with para^ wax. Six lamp- 
hQlders are fixed at that when a lamp is fhsei^ted the 
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wo wires are ^dged the l^pp fitament at these points. TW 
vires ar^interrupted at the five intervals between the lamps, but 
lach may b# made continuSn** by, the infertipn of plugs at the 
lumlJe^ junctions. ^ 

Demonstvatlon on metlfod oPusing. (a) Lampa in 
parallel (resistmice decreased). 

Terminals A and B only are used an8|joined to the main supply* 
ivith an ammeter (reading to 3 amps.) w the circuit. Insert all 
the plugs ; no curr^t avill flow ^intil the t™o wires are joined by 
inserting lamps in the laip^-holders. 

mrcuit was of 220 volts and the lamps used were Ediswan 
Carbon nlamSnt 32 c.p. of approx. 490 ^ms resijjtanoe. Oae, 
two...to six lamgs were inserted in parallel and the corresponding 
ammeter readings taken. 


^jftnps 

inserted 

• 

Amperes 

• |. i^*VoltB be¬ 
tween A and B , 

• 0 * 

1 §=^1 
' ohms* 

1 

0-46 

2^ .Volts 

488 

2 

0-90 


245 

3 • 

1-35 


li ' 

4 

1-82 


5 • 

2-30 


95 • 

6 

2-7S 


,• 80. 


Draw the Arve 


Lamps in Parallel 
Besistance 


(jb) Xiampg In series (^istance increased). % is always 
joined to one of the main terminals. Caution : the other main 
terminal must never te Joined to C or B toiifmU first removing a 
ping (usually No. 1) from the outer wire: this prevents ^short-cir¬ 
cuiting. Insert ail the lamps and pli%s except _No. 1. Join 
B to the ammeter, switch on the main current, wbach now 
passes thfough Lf. Next remove plug No. 3 and join C to the 
.amme^r. Tlhe current now passeeP through £, and in^seges. 
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iJotice that the lamps fade or e^t n? light, apd the amipeter 
reading falls. Bemor'e plug Ho. 5, and finally Ho. 1 and Ho. 9, 
ohemging the arnmete^ wire ffom'.B'to C alternately, and take 
current r^ings' (amferes^. ‘ i' * 


I < 


Lamps 
in Series 

Current 

ihnps. 

/> 

' 

P. D. ' 

Volts 

Ohms 

Approx. 

1 (4 

0-460 ' 

220 

■ ,d90 

2 

0*225 


980 

3 IP 

0-150 

.0 

1470 

4 

0-112 


1960 

5 , 

0-090 


2450 

6 

0-075 


2940 


Draw a curve 


^mps in Series ' 
Resistance 


(c) LttmpB Id parallel and in series. 

Vary the above by placing some' lamps in. series, others in 
parallel, and calculate the i'esistance. 

<^epeh.ted Oaution, if the Tnain supply is used: 

(1) remove plug No. 1 when using Cerminah A and C. 

(2) ^Iwe.ys fui'oe hendoes, fittings and fingers absolutely dry. 
‘(3) Malje certain that the connections, are correct before switch- 

on tihe main mirrenfy- 


H.B. ']gie chief difference between using th« main-supply and 
a battery of cells is that the r. i). Isetween the terminals remains 
constant (= N) in thr former case, whereas, lyhen a battery is used, 
the P. D. falls when current has passed for a shorter or a longer 
time acocrdina to R: then r.j>.<E (see § 66). 
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British St^daed'vFire Gauge, (s. w.u.; 


S.W:0. 

Diam.^ cms. 

( 

t 

B. W.Q. 

Diam. in cms. 


t 

t 

• 

8 

, • 0'40e4 . 

26 , 

0-0457 

10 

•3251 

'28 

'■ -0376 

12 

f ,-2642 

. , X ) 

-0315 . 

14 

•2032 

32 

•02743 . 

16 

, -1626 

34 

•06337^ 

^118 

•1219 

36 

•01930 

20 

•0914 

38 

, -01524 

22 

t -0711 

40 

•01219 

24 

•0559 

' 42 

•01016 

-- 
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, I 

, Resistances of Wire in Ohms per Metre. 


8. W. G4 

< 

Copper 

Gemfen Silpjr 

Eureka 

r 

Platinoid (Martino’s) 

12 

•0032 

« 

/ -041 

•086 


16 

•0083 

•109 

•228 

— 

20 

•' 0260 

•345 

•722 

" -622 

26 

•105 

1-38 

■ 2-89 

2-60 

30 

•222 

2-90 

- (■ 

5-25 

36 

•590 

7-74 






^SWEKS TO BSA.MPLES 


Chap. ll. CuRifkim Pressure and Resistance. 

7. 1 amp. 8. l-6j(Olfs, IJ volts^ 

Chap. III. Magnetwm. 

5. 104°. 6.,44°. 11. dynes. 

12. nil,8t dynes. 18^ 90, 9. 18i*J dynes parallel axis. 

O.6.S. nnits. 22. f-. 27. ’ 

Chap. IV. e.m. Measurements, Tangent Galvanometer. 

9. 19^26', 36° 3'. * 10. -132,-27^ amp. , 

11. '0003 E.M. unit. *003 amp. -099 e.m. unit. ’99^mp. 12. 77618'. 

* 

IhAP. VI. Ul^CtkOLTSIS. , 

4. sS. 2 amjiB. _9. V* * n’ 'OOlllO. 

Chaj. Vfl. Resistances, gnSNTS. 

11. 5^ ohms. 12. Shunt of i ohm. ^ 

13. "OIS amp.; '14 anH)., •977 amp. 14. ’44 amp. -6 imp# 

16. (o) 2 amps. 3-3 amps. (6) '2 -OSdAamp. • * , 

16, 136 ohms. 17. •23 amp. 18. 2,10 ohms. • 

19. Ammeter resi^ance=6 ofims. Battery=4 <^ma. 20.* 4826‘4 oms. 

Ch 4P. Vlll. HEATING AND rOWEB. 

7. 30° C. 8. 7-4 slips. 9. 4-216 Joules. 

10. -10 H.p. -a), amp. 11. lOiB amps. Is. IJi/. 

12. 7-86 amps, 386 watts. 
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Law of Tangents 34 
I^ydep ^Jar 91 

Lighting, Electric 102^ ]^ci6ucy 

104 « 

and Conductors 94 
Sne^^olfie 4, €4, 41, 48 
Lodestone 20 
Lpmen, The 104 

• 

Magnetic Axis 22; Flux 48; Force, 
Law of 20,«i9« Maps 24, 26; 
Mom^t 22; Shells 40 
Magnetisatiohi^O; Theo^ 51 
MagneiiiBni'20 
Magneto 101 
Magpetometer 38-36 
Mariner’s Compass 21 
Mechanical Equivalent %f Hpat 82 
Microphone 112 

Morse Instruments and Code 109 
Motors, Electric 100 ^ 

Moving-Coil and Aoving-lron Gal¬ 
vanometer 47 

$lon-Conductors 3 
Kuolei, atomic 2 

Ohm»sLawl8,66 
Ofloillatory CircuU 122, 1^ 

^rallel, Cells in 14; Ck^tfbtors 52 
Felto Effect |4 ^ 


Permeability, magnetic 49 
Plu^ or Switches 17 
Pointolite Lamp 107 
^ints, Adlion of 89 
Pol^i!j^tioi»17* * 

Positive Rays 116 ^ 

^otentilH 4, IX, 13, *6, 88; fall 
along wire 67 
Potentiometer 68 
Power^lectric 80 
Proof Pl^e 89 * 

• « 

Radio-activity 118 
Beplenis^ei^O 

Resistance 11, 69; change with tem¬ 
perature F7; of a cell 72; labori^ 
tory 69; cells 69; m^surement of 
73, 74; liquid 76; paraftel and 
ser^B 69, 7ft 
Resonance 121^123 
iRbeostat 69 
Bon^n Bays 117 

Betfirndary Batteries 64 
See^ct E£Fe<4 83 
Shunts 71# 

Solenoid 40^60 
Specific Resistance ‘ 

Stator 9% • • 

Bftrface Density 89 

Telegraph? electric 42,109 
Telephone 11^14 
Terms and ConventionsA5 
Thermionic Valve 128 
Transformers ^9 
Transmute>tion of Elements 119 
Triode Valve 129 
Tuningi21,123; ooU 130 ' 
Turbo-Alternator 99 • 

Units, Absolute and Practical 79 



^Vacuum Tubes 115 
^Variation 28 
Volt 79 
Voltameter 61 
Voltmete&Q6 

Wheatstone’s Bridge 73 


W]i^^ta^s Ma!bhm^93 
^ Wireless Telegra^^hy 120-180; T( 
phony 131 • ' 

’ ^Wl»rk 80 

f 

X Bays 117 


ciMBBinax: pbinted j. b. pbaos, h.a.. 
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